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: An lh ith Giemsa’s Stain for Blood 


... the only complete line 


of microbiological reagents and media 


Culture Media 
Microbiological Assay Media 


Tissue Culture and Virus Media 
Bacterial Antisera and Antigens 
Diagnostic and Serological Reagents 
Sensitivity Disks Unidisks 
Peptones Hydrolysates Amino Acids 
Enzymes Enrichments Dyes Indicators 
Carbohydrates Biochemicals 


over 60 years’ experience 
in the preparation of Difco products assures 
UNIFORMITY STABILITY ECONOMY 
Complete Stocks Fast Service 24-hour Shipment 


Difco Manual and other descriptive 
literature available on request 


LABORATORIES 


DETROIT 1, MICHIGAN 


Specify 


Four new PYREX' pipettes for special work 


These are just four of 485 new 
items added to the current 
Pyrex lab glassware catalog, 
LG-1l. The catalog now con- 
tains more than 9000 items, in- 
deed the world’s largest, widest 
line of borosilicate glass lab- 
ware. Send the coupon for a 
copy. 

No. 7101 is a volumetric pip- 
ette with larger than usual tip 
opening for faster filling and 
dispensing of viscous liquids. 
Tips are fire-polished. Four 
sizes: 5 through 50 ml. 

No. 7057 is a bacteriological 
pipette with larger than usual 
tip opening to accelerate filling 
and dispensing of viscous fluids. 
Permanent graduations en- 
graved through LIFETIME RED 


panel. Tips are double-beveled, 
ground satin-smooth to reduce 
snagging and chipping. Four 
sizes: | through 11 ml. 

No. 7084 is a serological pip- 
ette with extra long tip for 
easier entry into narrow neck 
tubes and flasks. Tips are 
double-bevel, ground satin- 
smooth to reduce snagging and 
chipping. Three sizes: 2/10 
through 5 ml. 

No. 7085 isa serological Accu- 
RED pipette of exceptional ac- 
curacy. These cost less than 
conventional pipettes because 
we use exceptionally accurate 
bore tubing and apply the 
markings in LIFETIME RED 
without etching the glass. Mark- 
ings are part of the glass, last 


as long as the glass. Tips are 
double-bevel, ground satin- 
smooth to reduce snagging and 
chipping. Seven sizes: 1/10 
through 10 ml. 


CORNING GLASS WORKS | 
82-5 Crystal St., Corning, N. Y. 


| Please send PYREX® catalog LG-1. 
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Company..... 


| Street.. 
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... the tested tool of modern research 


Jour. of Lab. & Clin. Med. 


| 
one ate | 
RES 
PYREX) PWREX® laboratory ware 
Page 2 ee 


to determine ASTO" in streptococcal infections... 


7 


q 


B-B:L offers a complete line of standardized and 
interstandardized titration reagents combining 
maximum stability and accuracy of results ...with 


a new ease of performance. 


STREPTOLYSIN O REAGENT... Desiccated 
antigen —instantly restored with distilled water. 
, STREPTOLYSIN O BUFFER... For diluting sera 


and red cells. 


ANTISTREPTOLYSIN O CONTROL SERUM 

a e ... A standardized control to confirm accuracy of 
test. 

WASHED POOLED RABBIT CELLS... Ready to 

dilute for use as indicator of the antigen-antibody 


As an aid in the differential diagnosis of rheumatic fever, : 
reaction. 


physicians are increasingly requesting antistreptolysin O 
determinations (ASTO) as evidence of infection with Literature on techniques and reagents sent on re- 
group A streptococci. Also for immunological and epidemi- quest-—write for folder 55-270. #3 

ological studies. 


6 BALTIMORE BIOLOGICAL LABORATORY, INC. 
BALTIMORE 18, MARYLAND 
A DIVISION OF BECTON, DICKINSON AND COMPANY 


44358 
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you 
can 
determine 
gastric 
acidity 
simply, 
effectively 
and 
without 
intubation, 
use new 


Squibb Azure A Carbacrylic Resin Diagnostic Test 
... the visual color test for gastric acidity 


How to Use 
1. The patient takes Diagnex Blue orally. 

2. Urine samples are returned to the physician. 

3. Simple color comparison denotes gastric acid status. 


Advantages 

e a simplified, visual method without intubation 

e highly dependable results 

@ time-saving convenience—can be used right in the office 
: , @ no fluorescent light or other special equipment needed 

SQUIBB 


Indications 
: The Diagnex Blue test is a simple, highly useful step 
in the diagnosis of conditions associated with abnormal 
gastric acid secretion. According to Goldbloom and 
Squibb Quality— his associates, “the test for achlorhydria is extremely 
the Priceless Ingredient valuable in the diagnosis of pernicious anemia, 
cancer of the stomach, and gastric polyps.” 


Boxes of 5 and 50 Diagnex Blue test units with comparators. 


a Th Nee Goldbloom, A. A., Feinstein, M. A. and Eiber, H. B.: Am. J. Dig. Dis., 22:288, 1955. 
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Weighing 

is the heart 

of all analytical 
procedure 


To keep pace with increased laboratory 
work loads balance manufacturers have 
developed balances that weigh faster, 
are easier to operate and require no 
operator technique. The NEW Christian 
Becker Model NA-1 single pan, semi- 
automatic balance provides everything 
the chemist has wanted. Fast accurate 
weighings are as easy as 1 - 2 - 3. 


Place sample on pan, close door, select “rough 
weighing” beam by rotating knob "A”. 
Weight control knobs "B" are then rotated. 
Weight indicator lights “C" indicate if weights 
have fo be added or removed. 


. Final 1000 mgs., or any part thereof are re- 


corded on new, large, easy to read reticle and 
vernier, after fine weighing beam is put in use. 


_ This ten thousand division optical readout “D" 


May, 1958 


is absolutely unique. It eliminates completely 
“balance squint.” The large number at the top 
plus the vertical line show that the weight is be- 
tween .455 and .456 gram. By following the line 
down, it makes a solid rectangle at "4", thus 
giving a reading of .4554. This plus the weight 
recorded on counter "E"”, gives total weight 
of sample. 


Capacity 200 grams. Sensitivity .1 mg. 
(4 


TEN THOUSAND 
DIVISION 
OPTICAL READOUT 


New, large, easy to 


read reticle and 


vernier eliminates 
Bolance Squint. 


ANYONE CAN OPERATE THIS BALANCE 

it also includes many other features: 

© External zero adjustment—temperature compen- 
sation 

Oil damping—longer ‘'Pan-to Stirrup" dimension 

© Exclusive two-beam construction — one for rough 
weighing—one for fine 

© Weighing and pilot lights to indicate beam in use 

© Stainless steel Class M weights 

© Knobs for weights and beams are at convenient 
table height 

© Weight counter, and reticle and vernier are at eye 
level 


on req 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Company * Cleveland 6, Ohio 


Sales Branches and Warehouses: Cincinnati 13, Ohio «+ 
Houston 11, Texas Los Angeles 22, California «+ 


Cleveland 6, Ohio + Detroit 28, Michigan 
Philadelph yivania 


ja 48, Penns 


Sales Offices: Baton Rouge, Louisi 


° kland 11, California * Buffalo 2, New York 
6, New York ¢ Pittsburgh 22, 


Pennsylvania 


Readability .05 mg. Catalog #H1830. Price $1,185.00 
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made of rugged KG-33 “hard” glass 


46635 CONICAL WARBURG REACTION FLASK 
With off-center well to facilitate insertion 
of pipets. Side arm, supplied with solid 
stopper, is so constructed that all fluid can 
be transferred to flask by slightly tilting. In 
6 ml and 15 ml capacities. 


46600 WARBURG MANOMETER 

Designed to fit existing stands. Brown- 
stained graduations are readable and dura- 
ble. Joints are 14/20 to fit most American 
apparatus. Graduated length: 300 mm. 


23090 CULTURE DISH 

Tops ground to provide liquid-tight seals 
with bottoms when lubricated. Clarity per- 
mits distortion-free observations. 


45105 TISSUE CULTURE TUBE 
Rugged KG-33 glass construction with flat 
side near bottom and retaining dam above 
for tissue culture growth. 


45107 TISSUE CULTURE TUBE 
Same as 45105 but provided with screw 
cap. Caps and liners withstand autoclaving. 
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to assure long life. 


37022 LONG-TIP PIPET 


Long, sturdy tip for easy manipulation in 
small-necked vessels. Scales are perma- 
nent. Individual retesting assures accuracy. 
Available in six sizes. 


KIMAX is available through dealers in the United 
States, Canada and principal foreign cities. 


Ask your dealer about a quantity dis- 
count which may be available by spe- 
cifying Kimble for all of your glassware 


needs. Kimble Glass Company, your 


most complete source of laboratory 
glassware, is a subsidiary of Owens- 
Illinois, Toledo 1, Ohio. 


KIMBLE LABORATORY GLASSWARE Owens-ILuinois 


PRODUCT 


CENERAL OFFICES+ TOLEDO 1, OHIO 
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Paragon Stains Paramount Quality 


Tested and proven stains of the very highest quality 


PAPANICOLAOU STAINS—PARAGON 


EA-36 EA-65 OG-6 
Harris Hematoxylin (modified) 


Papanicolaou Stains prepared according to the original formulae for the 
cytological diagnosis of cancer by means of the smear technic. 
These stains conform to Paragon’s rigid standard of excellence in every 
way at a modest cost that renders preparation by the laboratory technician 
unnecessary. 

STABLE READY TO USE 
Each lot of stain is tested against smears in our laboratories for correct 
differential staining, color balance and transparency. 


PAPANICOLAOU STAIN—PARAGON EA-36 
For general staining of vaginal and cervical smears and in endocrine 
studies. 

PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and 
pleural fluids, ete. Similar to EA-36 but yielding better differentiation 
in the presence of mucus. 

PAPANICOLAOU STAIN—PARAGON OG-6 
The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou 
technic. 

HARRIS HEMATOXYLIN—PARAGON (modified) 

For Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain specially formulated 
for Papanicolaou staining. It yields a sharp blue nuclear stain with no 
staining of the cytoplasm. 


PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes 
only, a 250 ¢.e. and a 500 ¢.c. bottle. 
500 c.c. 250 c.c. 


Name Catalog No. Bottle Bottle 

HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 
For Papanicolaou Staining PS1291 $1.50 

PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 
PS1292 2.35 

PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 3.85 
PS1293 2.35 

PAPANICOLAOU STAIN—PARAGON 0G-6 PS1284 3.25 
PS1294 2.00 


All prices F.0.B. New York, New York, subject to change without notice. 
Manufactured exclusively by 


PARAGON C. & C. CO. INC., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 
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accurate, quick determinations... 
for all colorimetric tests 


PHOTROMETER 


Only one adjustment of only one knob and you get precise determinations 
for each routine clinical test—easily, rapidly—with the Leitz pre-calibrated 
PHOTROMETER. 


Leitz PHOTROMETERS for clinical laboratories... 


¢ pre-calibrated for easy, rapid determinations 

* a supply of standard solutions is not required 

«no external voltage stabilizer needed 

¢ built with the precision and ruggedness characteristic 
of all Leitz instruments 


¢ laboratory technician can readily calibrate instrument 
for additional tests 


See your dealer for a demonstration. 


LEITZ, INC., Dept. 5 
468 Fourth Avenue, New York 16, N.Y. 


Please send me the Leitz PHOTROMETER brochure. 


&. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetzlar, Germany 
LENSES - CAMERAS - MICROSCOPES + BINOCULARS 
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wae SPEED AND SIMPLIFY ROUTINE URINALYSIS 


combined 


Dip this end —> 


a 
2 


REAGENT STRIPS 


TRADEMARK 


colorimetric | test for protein and glucose in urine 


“dip-and-read” 


For the two most commonly performed 
lab tests...the “heart” of every routine 
urinalysis...the ultimate in simplicity, con- 
venience and reliability. Equipment and 
many minutes of valuable lab time can be 
saved...just “dip-and-read” a single 
UrisTIx Reagent Strip and get two test 
results in seconds! 


COLORIMETRIC READINGS FOR PROTEIN 
—no guesswork of turbidity estimations 
ENZYME SYSTEM FOR GLUCOSE — 

unrelated to copper-reduction methods 


SPECIFIC FOR PROTEIN AND GLUCOSE 
—unaffected by other urine constituents, drug 
metabolites or urine turbidity 

SENSITIVE — detects as little as 10 mg.% protein 
and 0.1% glucose 

STANDARDIZED —color guides permit reliable 
estimations, consistent reports 

TIMESAVING AND ECONOMICAL — completely 
disposable 


available: Uristix Reagent Strips—Bottles of 125 


AMES COMPANY, INC ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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New Precision and Compactness 


in Pressure Pickups 


SANBORN Series 267, 467 Pressure Transducers 


Sanborn physiological pressure transducers pro- 
vide the valuable combination of highly accurate 
performance and extreme convenience of use. 
Frequency response depends on physical dimen- 
sions of tubing and needle or catheter. Typical 
performance: with a #18 or larger needle and a 
direct writing Sanborn recorder, 100 cps flat 
response is attainable, or 300 cps with a high 
natural frequency oscilloscope or optical record- 
er. Sensitivity, with Sanborn Carrier Amplifier 
and Recorder, is 1 cm deflection/mm Hg; nom- 
inal working range is —100 to +400 mm Hg. 

Two basic series are available: single-ended 
—to measure the pressure under study with 
respect to atmospheric pressure, and differential 
—to measure the difference between two applied 
pressures (liquid, gas or one of each). Within 
the two series, four models provide a type for 
use with each Sanborn recording system. Models 
267A and 267B are designed for use with “150” 


SANBORN 


systems equipped with Model 1100 or 3000 
Carrier Preamplifiers; Models 467A and 467B 
are for use with other Sanborn one-channel, 
Twin-Viso and Poly - Viso systems (with Strain 
Gage Amplifiers). 

Sanborn physiological pressure transducers 
are encased in durable Monel, and are resistant 
to corrosion by normal saline, alcohol or other 
solutions used in physiological measurement or 
chemical sterilization. Connections are standard 
luer female fittings that accept standard lock or 
sleeve fittings, from catheter, needle or valve. 
Small size (body measures 10” x 15%" x 1”), 
permits simple, easy mounting on a ring stand 
clamp or similar device close to the subject. 


Descriptive data, typical uses and prices of Sanborn 
pressure transducers, and many other Sanborn instru- 
ments for measurement, recording and monitoring of 
biophysical phenomena, may be found in the new catalog 
of Sanborn Instruments for Biophysical Research. Write 
for your copy. 


COMPANY 


medical division—175 WYMAN STREET, WALTHAM 54, MASS. 
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YOU CAN MAKE 


LITERS OF DRABKIN'S $@75 
SOLUTION FOR ONLY 8° 


For the Determination of 
Hemoglobin* 


“DRABKIN REAGENT” 


Powder Concentrate 


This accurately prepared powder concentrate, when dis- 
. STABLE solved in distilled water, will make fresh Drabkin solu- 


tion (in accordance with U. S. Armed Forces specifica- 
* ECONOMICAL 


tions) for the determination of hemoglobin. 


The exact amount of powder for making one liter of 
; COMPACT Drabkin solution is packaged in individual glass vials. 


A box of 12 vials, sufficient for preparing 12 liters of 
* CONVENIENT 


solution, occupies a space of only 634” long, 22” wide 
and 34” high. 
* RELIABLE 


When you buy Drabkin Reagent in this handy, con- 

venient form you save on cost, shelf space and shipping 
Ref. U. S. Armed Forces Medical : U f 
Journal, Vol. 5, Py. 693, May, charges. Most important, you ll have the assurance of a 
954, fresh solution every time. 


Order Your Box of 12 Vials, NOW! $8.75 


STANDARD SCIENTIFIC 


% 808 BROADWAY | REAGENTS 
Supply Corp. NEWYORK3.N Y. 
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pathology laboratory procedure! 


“i, 


nos three decades of continuing improve- 
ment culminate athe new Autotechnicon ‘‘duo” 
tate processing and 


kK 9 staining facilities on the sa ne hine, with 


er ‘Gyailable at the fiir of a switch and 


withouPaaying to cha ge beakers. 


the f echnicon’ 


trailblazer in histologic automation 


THE TECHNICON COMPANY e CHAUNCEY, NEW YORK 


‘4 Tra in automatic tissue processing was 
un this first Au apicon introduced in 1928. 
Primitive by today’s {it held. only six 
Revolution it 
“rou 
first prow 
ig 
tr 
@ name you can bank on tor quality . efficiency . progress 


fine 
readent 
specialties eee 


HARLECO 


HARTMAN-LEDDON COMPANY 
PHILADELPHIA PENNSYLVANIA 
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NUMBER 3 


SECRETOR TRAIT 


Blood factors A, B and O which determine blood groups 
of the ABO system occur as alcohol-soluble substances 
in erythrocytes and many other body cells. About 
80 per cent of human beings also produce the factor or 
factors of their ABO blood group as water-soluble sub- 
stances in their body fluids and secretions. Such indi- 
viduals are called “secretors?’ The secretor trait is 
inherited as a Mendelian dominant' through allelic 
genes S and s (not related to S and s of the MNSs 
system). The genotype of a secretor is either SS or Ss, 
and all nonsecretors are of genotype ss. 


. The secretor trait is of interest to geneticists as a 
marker gene. It is also related in some way to the 
Lewis blood system, as A-B-O(H) nonsecretors are 
a)most invariably Le(a+).* 

The group O secretor secretes a water-soluble sub- 
stance called H. It has been observed that secretors of 
A and/or B substances also secrete H.* “Aberrant 
secretors” who do not fit this usual pattern have been 
reported* and the possible association of aberrant se- 
cretion with spontaneous abortion has been suggested.° 


F., and Sasaki, H.: Zschr. Immunforsch. 77: 129-139, 


. Grubb, R.: Nature 162: 933, 1948. 
. Schiff, F: Zschr. Immunforsch. 82: 302-310, 1934. 


> ee C., et al: Am. J. Clin. Path. 28(2): 145-151, (Aug.) 


5 p54 C., et al: Am. J. Clin. Path. 28(5): 469-480, (Nov.) 


Announcing another Hyland first .. 

ANTI-H LECTIN 

(Purified) 

for testing 

This stable, pegs ey product is purified 

from the seed of Ulex europeus. 

It gives sharp, clear-cut reactions and is recommended 

for secretor testing of individuals belonging to any ABO group. 
Available in 2 cc. dropper vials. 


HYLAND LABORATORIES 


4501 colorado blwvd., los angeles 39, calif. f@ 
“4 


252 hawthorne avenue, yonkers, new york 
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Read 
hemoglobin 


directly 
by 
Drabkin's method 


with the 
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FISHER SCIENTIFIC 


America’s Largest Manutacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


FISHER HEMOPHOTOMETER 


A DIRECT-READING INSTRUMENT 
FOR THE FAST, 


ACCURATE DRABKIN TECHNIQUE 


Thespeed and accuracy of the 
Drabkin cyanmethemoglobin 
method of measuring hemo- 
globin in blood have gained 
nationwide acceptance for this 
sensitive technique. 


TheFisher Hemophotometer 
is a modern instrument de- 
signed specifically for Drabkin’s 
method. There’s no problem of 
matching cells... no charts or 
computation. The technician 
simply prepares a blood sam- 
ple . .. slips the test tube into 
the Hemophotometer . . . and 
reads the hemoglobin immedi- 
ately, in grams per 100 ml of 
blood. 


iF YOU RUN 
HEMOGLOBINS 
ode want to use 
rabkin’s method 
and the Fisher 
Hemophotometer. 
Send for this 
detailed booklet. 


120 Fisher Building 
Pittsburgh 19, Pa. 


IN THE U.S.A. Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 
Charleston, W.Vo, New York Washington Toronto 
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MOST VERSATILE 
PHASE MICROSCOPE EVER MADE 


- Phasestar's building block concept of design, exclusive with AO Spencer, offers you a choice — 


| 


Choice of 3 interchangeable 
crisp, inexpensive photomi- 
crography. Coupled system ie 2 full 360 rotatable bodies, 


a monocular, binocular, and tri- 


No other Phase Microscope can 
offer you such a wide choice of 
interchangeable parts and ac- 
cessories. 

You can adapt the Phasestar 
to your exact needs with vari- 
ous combinations of readily in- 
terchangeable bodies, stages, 
bases and optics. You have 
more than 50 possible combi- 
nations or models to choose 
from. 

Your Phasestar will be “just 
right'’ for you in convenience, 
comfort and the economy of 
real quality, 


choice ,of mount 
changeable hors 


@ Dept. E-15 


| | 
| American Optical .: | Please send me the new Phasestar brochure | 


SPENCER 
City Zone. State 


lets you shoot what you see. | inclined for comfort. 
Focus stage and specimen to 
the objectives with low-posi- 
tioned coarse and fine adjust- 
ments. Choose from 3 inter- 
changeable stages, graduated 
of ungraduated mechanical 
stages or the new Micro- 
é 
ielection 
turret 
4 ruple revolving nose- 
piece lets you inter- 
change complete sets 
objectives quickly 


THE SARGENT POWER 


PRECISE 
BORING 
IN SECONDS 


SS 


¢ 


i Efficient Boring 
Fast and Easy To Use 
Accurate Smooth Holes—you can bore as many 


holes as the area of the cork or stopper will allow. 
Insures Parallel Alignment of Borings 
Compact—Portable—Balanced 


S-23207 POWER BORING MACHINE—FElectric, Sargent. Complete with 
six S-23211 stainless steel cutting tubes including one each size Nos. 1 
to 6 inclusive, one S-23214 cutting tube for thermometers, three 
knurled ring holders, one bottle of Aerosol, ejecting rod, aluminum 
oxide sharpener and three wire cord and plug for operation from 115 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


For complete information write for bulletin No. PB 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 
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NEW EASE 

AND ACCURACY 
HEMOGLOBIN 
DETERMINATIONS 


_ Assures greater precision in the daily 

_ standardization of your- photometer 

_ and the periodic construction of your 

_ calibration curve. Each hermetically- 

HEMOGLOBIN STANDARD sealed: ampul contains an analytically 

Cyanmethemoglobin - measured, exact amount of cyan- 

Assay mg. Hb. 

per 100 ml. _ methemoglobin of assured purity and 

stability, 


Facilitates the rapid preparation of 
diluent for accurate hemoglobin deter- 
minations by the cyanmethemoglobin 
method. Simply dissolve a stable, 
standardized, sealed-in-foil pellet in 
250 cc. of distilled water. 


Ortho Pharmacevtical Corporation 
RARITAN, NEW JERSEY 
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Runs Quieter and Cooler Than Any Previous Model 


NEW Quiet Test Mode/ MB 


INTERNATIONAL HEMATOCRIT CENTRIFUGE 


Before you buy a hematocrit centrifuge, 
see Quiet Test in action. 


A demonstration, which can be 
arranged for you, will prove in 
seconds that this new unit is the 
quietest Hematocrit Centrifuge you 
have ever used. You can actually 
carry on a telephone conversation 


while the centrifuge is running nearby. 


Other features: Runs cooler at high 
speed, up to 12,300 r.p.m., than any 
previous hematocrit centrifuge. 
Push-button electrical brake halts 


centrifuge in 15 seconds. 
- Quiet Test Model MB International Hema- 
Long life is assured by precision tocrit Centrifuge-—-Cat. No. 23920. Write 
for complete specifications and prices. 


manufacture with heavy-duty motor, 


more rugged shaft and key components. 


Interchangeable heads provide a 
choice of a variety of sizes and 


capacities of capillary tubes. 


New! Precision Reader— Model CR 


You get fast, accurate readings 
from any length capillary tube with 
this reader. Magnifying glass and 
light under the tube, make readings C2 
easier, faster and more positive. Catalog No. 23927A. 


ALOE SCIENTIFIC 


DIVISION OF A.S. ALOE COMPANY 
5655 Kingsbury, St. Lovis 12, Mo. 


14 Fully-Stocked Divisions Coast-To-Coast 
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of Radioactive Isotopes 


Contents 


How to blish your radi 4 


Evaluation of thyroid f i using r 


Studies of kidney f i with radi ive diodrast 


Estimation of cardiac output with radioiodinated 
serum albumin 


Eval i of liver fv ive rose bengal 


Blood and pl volume using 
radioiodinated serum albumin 


Measurement of red cell mass with radiochromium 


Diagnosis of pernicious ia with radi balt Vitamin Biz 


Fat digestion and absorption with radioiodine 
labelled triolein . - «© «© « « 


Scanning body areas for radioisotope concentrations - 


Published and copyrighted 195@ by Nuclear-Chicago Corporation 
223 West Erie Street, Chicago 10, Illinois 


auclear - chicago 


send for this information on use of radioisotopes 


We will be happy to send you this new 
brochure outlining typical procedures and 
instrumentation required for the most 
important clinical radioisotope studies. Just 


mail the coupon. No obligation, of course. Please mail me a copy of “Diagnostic Applications of 
Radioactive Isotopes.” 


a’ (Name) 


nuclear - chicago 


249 WEST ERIE STREET + CHICAGO 10, ILLINOIS 


NUCLEAR-CHICAGO CORPORATION 
249 W. Erie St., Chicago 10, Illinois 


(Address) 


adiciodine . - 2 | 

y 

t 

| 
‘ (City) (Zone) (State) 1 


RAPID 
SENSITIVE 
ACCURATE 


CHLORIDOMETER 


For the analysis of serum, urine, and tissue extracts; syno- 
vial, spinal, gastro-intestinal, and other body fluids; sweat, 
pleural effusions, and other dates and tr dates; brine; 
and dialyzotes. 


The Chloridometer is a new in- 
strument for automatic and accurate 
determination of chloride concentra- 
tion and is potentially adaptable to 
bromide, iodide, and sulfhydryl 
groups. In a proving out period of 
more than a year at the National 
Institutes of Health, the Johns Hopkins 
Medical School, and other research 
centers, the Chloridometer showed 
important advantages of sensitivity 
and simplicity over the commonly em- 
ployed colorimetric and electrometric 
methods. The instrument uses an 
amperometric end-point to obtain 
automatic shut-off at a pre-set incre- 
ment of indicator current. Generator 
electrodes in the coulometric circuit 
release silver ions into the titration 

lution at a constant rate. When all 
chloride is precipitated, the increas- 
ing concentration of free silver ion 
causes a rising current to flow through 
the indicator electrodes and the pre- 
set meter-relay stops the timer, which 
runs as silver ions are generated. 
Since the rate of generation of silver 
ion is constant, the amount of chloride 
precipitated is proportional to the 
elapsed time. 


ACCURACY 
~ .5 per cent, better than * 


.] per cent 
under optimal conditions 


SENSITIVITY 


0.25 microequivalent 


SAMPLE SIZE 


0.01 mi or more of serum with + 5% 


accuracy, smaller amounts with dimin- 
ished accuracy 


IN 6 STEPS AND IN LESS THAN 60 SECONDS 


SET ADJUSTABLE POINTER 

TO 10 DIVISIONS ABOVE RESET TIMER 

INDICATING POINTER TO ZERO 


WHEN TIMER STOPS 

AUTOMATICALLY, 

RECORD SECONDS 
@) 


PLACE SAMPLE TURN SWITCH 
IN POSITION 
PRICE: 
Complete as shown and ready for operation, with 
set of silver electrodes and one oz. pure silver wire, 115 


volts, 60 cycles a.c., os 498 


For models with other voltage and current ratings 
and for complete performance data, specifications, and 
description of optional accessories, such as automatic 
dispensing pipette-buret, send for Bulletin 4C- 2000. 


DELIVERY: 30 days from date of order. 


R TURN SWITCH SELECTED 
TO ADJUST" (Nol) (No.2) TITRATION RANGE 


* The Chloridometer is produced ding to 
the design of Ernest Cotlove, Hillary V. raathent, 
and Robert L. Bowman, of the Laboratory of Kidney 
ond Electrolyte Metabolism and the Laboratory of 
Technical Development, National Heart Institute, 
Bethesda, Marylond. Special acknowledgments 
and thanks are due to Dr. Cotlove for his patient 
cooperati and helpful: in putting Chlorido- 
meters installed in his laboratory to the most severe 
tests and for his ti toward fi 


for future production. 


Ref.: Cotiove, E.; Trantham, H. V.; and Bow- 
man, R. L.; An Instrument and Method for Automatic, 
Rapid, Accurate, and Sensitive Titration of Chloride 
in Biological Somples, J. LAB. & CLIN. MED.: Vol. 50, 
No. 3, pp. 358-371, 1958. (Copies obtainable on 
request from Laboratory Glass & Instruments Corp.) 


Laboratory Apparatus 


LABORATORY GLASS & INSTRUMENTS CORP. 


514 W. 147th St., New York 31, N. Y. 


Precision Instruments 


Phone: Adirondack 4-2626 
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_____Kedak reports on: 


cheating one’s biographer of a little color... big deal over 0.009 roent- 
gen... creation and propagation of slides and filmstrips 


Glucosamine 

Because of an item we read in 
the Wall Street Journal re- 
cently, a copy or abstract of 
which we refuse to supply, we 
predict that this year will see 
an upsurge of interest in the 
biochemistry of glucosamine. 

This amino sugar is easy to 
prepare. The classical starting 
material is chitin, and the es- 
sence of the method is acid 
hydrolysis. Chitin can be ob- 
tained in several ways. Per- 
haps the most efficient of these 
is to go around to the back 
door of the most prosperous 
sea food restaurant within 
easy reach and talk to the 
official in charge of the gar- 
bage cans about a deal for his 
vacant lobster shells. A slower 
method is to put shrimp on 
the family menu as often as 
necessary and save the peel- 
ings. Investigators with a dis- 
taste for sea food can get their 
chitin at this season of the 
year by putting a corps of 
small boys to work hunting 
June bugs (May bugs, that is, 
in the South). 

For those who shun be- 
havior tending to mark them 
as colorful scientific personali- 
ties, there is still another al- 
ternative. They can purchase 
ready-purified D-Glucosamine 
Hydrochloride as Eastman 644. 
Foreseeing the demand from 
the shy ones, we have laid in a 
stock of clean chitin that looks 
like breakfast food or perhaps 
fingernail clippings. 

Each one of the 3600 or so Eastman 
Organic Chemicals available from 
Distillation Products Industries, Roch- 


ester 3, N. Y. (Division of Eastman 
Kodak Company) has its own story. 


A modest contribution 

Man comes home from work 
and his wife asks him what 
kind of a day he’s had. “Same 
old yackety yak,” he reports. 
“Heap-big all-afternoon pow- 
wow over the fact that whereas 
it used to take 0.019 roentgens 
of radium gamma radiation to 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little rev- 
enue from these whose work has something to do with science 


produce a density of .05, they 
have now made x-ray film 
that takes 0.010 roentgens of 
gamma radiation to produce 
a density of .05. Cauliflower 
tonight again?” 


Eastman Kodak Company 
is pleased to announce that 
significant progress has been 
made in its continuing pro- 
gram of improving the sensi- 
tivity of film to ionizing radia- 
tion. One result of this pro- 
gram is that physicians are 
enabled to obtain required 
diagnostic information from 
Kodak No-Screen Medical 
X-ray Film with one-third 
less exposure of the patient to 
X-rays. 

Another result, of interest 
to those engaged in industrial 
radiography and in the atomic 
energy field, is that the film 
badges worn to check on their 
body exposure to radiation 
can now be made capable of 
at least 50°, more sensitivity 
than previously. 

While it is realized that the 
end of the effort to reduce hu- 
man exposure to radiation is 
nowhere in sight, it is felt that 
even modest technological ad- 
vances in this direction serve 
the interests of general welfare. 

Full information about these moni- 
toring films is obtainable from East- 


man Kodak Company, Special Sensi- 
tized Products Division, Rochester 4, 


The powers of semi-darkness 
One result of all the efficiency 
pervading life today has been 
more time to sit around in 
semi-darkness listening to 
speakers draw attention to 
Worthwhile Matters with the 
help of slides or filmstrips. 
You will not deny that this 
is good. 

What, then, can be done to 
encourage and facilitate the 
generation of lots more slides 
and filmstrips? Consider the 
sources. 


There are organizations— 
some for profit, some non- 
profit—that produce them for 
schools. All they need for en- 
couragement is sales. Subjects 
are of the kind that keep well. 
Life along the Nile. The cir- 
culation of the atmosphere. 
That sort of thing. 

Then there are firms produc- 
ing films and filmstrips to 
order for promoters of causes. 
The need for higher protective 
tariffs. The need for lower 
barriers to international trade. 
How to sell bicycles to people 
over 40. Here an advertising 
or public relations agency of- 
ten acts as intermediary be- 
tween sponsor and producer. 

Outfits that use slides and 
filmstrips to communicate on 
a broad and varied scale often 
maintain their own production 
facilities for the purpose. This 
would include large compa- 
nies, government bureaus, ag 
colleges. 

Not to be neglected beyond 
these large operations, how- 
ever, is the individual on his 
own who has an audience to 
face and to tell of his work 
and thoughts as vividly as he 
can. He, too, can make them 
—slides if he intends to put on 
the same performance only 
once or a few times, filmstrips 
if it is to be given many times 
in essentially unchanged form. 

For his benefit we have published a 
Kodak Data Book, “Photographic 
Production of Slides and Filmstrips.”’ 

Kodak dealers have it for sale or can 
order it. It is particularly rich in de- 
tails on attaining good quality color 
reproduction by the use of masking 
techniques. The danger that purchase 
of this 50¢ booklet turns out eventually 
to have been the first step toward es- 
tablishment of a _ slide-and-filmstrip 
department in the organization with 


the reader is affiliated, while slight, is 
undeniably present. 


Price quoted is subject to 
change without notice. 


| 
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PHARMACOLOGY 


and 


THERAPEUTICS 


For Practioners and Students of Medicine 
and Its Allied Professions 


By ARTHUR GROLLMAN, Ph.D., M.D., F.A.C.P. 


Lecturer in Pharmacology and Toxicology, The Medical Branch, and Professor and 
Chairman of the Department of Experimental Medicine, The Southwestern 
Medical School, University of Texas, Dallas 


HIS book has been well-described as “one of the most attractive, most useful 
of the available texts of pharmacology because of its lucidity and breath 

of treatment.” Practitioners and students who want a sound foundation for 
the rational and scientific use of drugs will find it in this ideally organized 
presentation. It is written by an authority who is a pharmacologist and a practi- 
tioner of medicine. 


Actions, indications, toxic effects, dosages and methods of administration of all 
the official drugs are described in detail. Emphasis is on the pharmacology of 
therapeutically important drugs, but those of purely pharmacologic interest are 
not neglected. In the index, all are listed by their common as well as official 
names. They are included, also, under the effects and symptoms which they 
induce, and the disorders in which they are used. Because so many of the modern 
drugs have been introduced only recently, Dr. Grollman’s work is an essential 
addition to every medical library. As a textbook, its convenient size, and useful- 
ness to teachers and students alike are unique in the field. 


FEATURES OF THE 3rd EDITION 


Describes and tells how to use every new drug that has received official recognition 
¢ 12 new chapters cover the tranquilizing drugs, drugs acting on the autonomic 
ganglia, drug therapy of cancer, and every pharmacologic and therapeutic topic 
which has assumed importance in recent years * Detailed consideration of newly 
introduced antibiotics * Subject completely rearranged and fully integrated for 
greater teaching and reference value « Text now divided into sections according to 
organ symptoms * 65 new, original illustrations (2 in color) for a total of 192 in this 
graphic presentation * 68-page Index. 


3rd Edition. 1034 Pages. 192 Illus., 2 in Color. 35 Tables. $12.50 


(Published January, 1958) 
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a prothrombin 
control: 
the blood 
of a patient? 


“Considerable variations from the normal can 
be produced by high concentration of aspirin, 
by therapeutic amounts of antibiotics or by 
general stress. For this reason, a control 
obtained from a single individual should not 
be used. 


“The blood of a patient can never serve as a 


Although not yet using Diagnostic Plasma, I've 
heard much about it from my colleagues. Without 
obligation on my part, please send me three 
vials of Diagnostic Plasma Warner-Chilcott. 


Laboratory 


Address 


C) Please furnish name of nearest distributor. 


Laboratory Supply Diviswon 
WARNER-CHILCOTT 


MORRIS PLAINS N J 


*Excerpt from the teaching film strip (35 mm with 


control because the effect of stress, pain, 
anxiety, worry or recent anesthesia may 
affect the prothrombin time of his blood.’’* 


Diagnostic Plasma Warner-Chilcott is pooled 
human plasma which is further standardized 
by the addition of isolated clotting factors to 
give constant prothrombin times. To use 
Diagnostic Plasma, one need only add dis- 
tilled water. 


Diagnostic Plasma consistently gives results 
identical with those of pooled human plasma, 
assuring accurately controlled anticoagulant 
dosage. 


Diagnostic 
Plasma 


WARNER-CHILCOTT 


3314 r.p.m. fecord) “Determining Prothrombin Activity” 
available at no charge from: Laboratory Supply Division. 
Film Department, WARNER-CHILCOTT, Morris Plains, N. J, 
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Emphasizes Application of Physiology 
To Routine Practice of Medicine 


10th Edition 


MEDICAL PHYSIOLOGY 


Edited by PHILIP BARD, Professor of Physiology, 
School of Medicine, The Johns Hopkins University, 
With 13 Collaborators. 1956, 10th Edition, 1421 
pages, 634” x 934”, 438 illustrations, 5 in color. 


Price, $14.00. 


Here is emphasized the application of physiology in the routine practice of medicine. 
This is accomplished by reviewing those portions of physiology which experience has 
shown to be of especial value to the clinician. 


Although based on the popular Bard-Macleod “Physiology in Modern Medicine,” 
this edition is so radically different and has been so revitalized as to require the new 
title “MEDICAL PHYSIOLOGY,” dealing as it does now with just those portions 
of physiology which are at present the concern of the practitioner. 


This book is the coordinated and synchronized effort of 14 outstanding authorities 


who pooled their efforts to achieve a true classic. Each major subdivision of the 


book is the work of a writer still actively engaged in the study of some phase of the 
subject that he treats. This arrangement has much to recommend it. The ever- 
increasing bulk of original literature in physiology has made it most difficult for one, 
or even two or three individuals to present in adequate fashion the facts and con- 
ceptions which should be made available to practitioners of medicine. 


Further, the treatment of each subject by one who has personally launched an 
experimental attack in some sector of that general field is likely to result in the 
placing of stress on actual experimental evidence. This should stimulate the reader 


to weigh the evidence and to achieve an understanding by the selection and coordi- 
nation of significant facts. 


THE C. V. MOSBY CO. 


3207 Washington Blvd., St. Louis 3, Mo. 


Gentlemen: Send me on 10-day approval the Tenth 
Edition of Bard’s “MEDICAL PHYSIOLOGY,” 
priced at $14.00. I understand that if I am not 
completely satisfied I can return the book and my 
money will be refunded. 


() Attached is my check. [) Charge my account. 


loday from 
THE C. V. MOSBY (0. 


St. Lovis 3, Mo. 
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Now you can increase the accuracy, 
speed of your isotope 


in‘a single compact cabinet ‘that 


Nal 


_ push-button computing circuit to 

_ simplify comparison of patient's 
radioactivity with a 
standard, by direct 


reading in per- 


 cent...electrical reset timer and 
register...and both preset counter 


and preset timer, built-in and fully 
automatic. ~ 


Specialized isotope instruments... 
combined in 1 compact system 
NEW AUTOMATIC SPECTRA-SCALER 
Reed-Curtis Nuclear Division. The 
Spectra-SCALeR performs the spe- 
_cialized functions of a separate 
matic , and provides a built-in 
( with well counter ) 
(with assembly 
pictured at right): . 
Liver Function H i 
Write for medical instrument catalog to” AMERICAN ELECTRONICS, INC. 
55 were washington sled, Los Angeles 15, Cali. 
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NOW. vou can do adrenal cortical 
activity determinations 


in your laboratory! 


KETOSET 


bY Hycel 
All these determinations 
are possible with the 
Ketoset— 


®total neutral 17-keto- 
steroids 


®17-ketogenic steroids 


@17-reduced ketogenic 
steroids 


®alpha-beta fractiona- 
tions of the 17-keto- 
steroids 


® qualitative dehydroiso- 
androsterone 


For complete details con- 
sult your S/P representa- 
tive or write Technical 
Service Department, Sci- 


entific Products, 1210 Leon 
Place, Evanston, Illinois. iy, 


In one integrated set, the Ketoset supplies 5 
highly accurate laboratory determinations 
instrumental in differentiation of hypo-adre- 
nal, normal-adrenal and hyper-adrenal corti- 
cal activity. In addition, hypo-activity may 
be differentiated into primary and secondary 
states; in case of hyper activity, carcinoma 
is readily distinguishable from hyperplasia or 
adenoma. 

Procedure consists of pretreatment, hydrol- 
ysis, extraction, evaporation and color de- 
velopment. Time-saving, too—in as little as 
1% hours, a 17-ketosteroid determination 
can be completed. Ketoset consists of glass- 
ware, heaters, all reagents necessary for 
determination of 200 tests in various com- 
binations and Vapo-Vent for evaporation of 
volatile, inflammable fluids. 

No. 53853A—Hycel Ketoset, complete with Vapo- 
Vent, glassware, 2 heaters, necessary reagents for 200 


tests in various combinations and complete instructions 
for use, without support stand or clamps... . .$459.00 


No. 53857— Extra Reagent Set —for 200 tests. 
each. . .$169.00 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES— 1210 LEON PLACE, EVANSTON, ILLINOIS 


Division Offices: Atianta + Chicago + Columbus + 


New York + San Fr 


Dallas + Kansas City + Los A jes +> M 
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YOUR CHECK LIST OF VIRAL 
AND RICKETTSIAL ANTIGENS 


Specific antigens available for use in diagnosis 
of rickettsial and viral infections by the comple- 
ment-fixation test. 


Equine Encephalomyelitis (Eastern) Diag- 
nostic Antigen Lederle 

Equine Encephalomyelitis (Western) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type A—PR 8 Strain) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type A—FM 1 Strain) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type B—Lee Strain) Diag- 
nostic Antigen Lederle 

Lymphocytic Choriomeningitis Diagnostic 
Antigen (Soluble Type) Lederle 

Mumps Diagnostic Antigen (Viral Type) 
Lederle 

Proteus OX19 Antigen Lederle (Positive 
titers appear with typhus infections) 
Psittacosis Diagnostic Antigen (Soluble 
Type) Lederle 

Q Fever (American Strain—Nine Mile) Diag- 
nostic Antigen Lederle 

Rickettsialpox Diagnostic Antigen (Soluble 
Type) Lederle 

Rocky Mountain Spotted Fever Diagnostic 
Antigen (Soluble Type) Lederle 

St. Louis Encephalitis Diagnostic Antigen 
Lederle 


LEDERLE PRODUCTS FOR LABORATORY MEDICINE 
ARE PREPARED AND TESTED ACCORDING TO THE 
HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, Rh 
TYPING, AND ANTIHUMAN (Coombs Test) 
SERUMS, NIH-approved; SALMONELLA GROUP- 
ING and TYPING SERUMS; SHIGELLA GROUP- 
ING SERUMS; BLOOD CULTURE MEDIUM; E. 
COLI TYPING SERUMS*; SYPHILIS ANTIGENS; 
V.D.R.L.; Kahn Standard (Dr. Kahn Laboratory- 
approved); Laughlen Reagent (Dr. Laughlen Lab- 
oratory-approved); PASTEURELLA TULARENSIS 
TUBE ANTIGEN; VIRAL and RICKETTSIAL ANTI- 
GENS. *Prepared according to CDC methods and 
standards. 


AGENTS FOR CLINICAL USE: LYMPHOGRANULOMA 
VENEREUM SKIN TEST ANTIGEN and CON- 
TROL; TRICHINELLA EXTRACT and SALINE 
CONTROL; TUBERCULIN PATCH TEST (Vollmer). 


For further information contact the Lederle rep- 
resentative through your hospital pharmacy, or 
write: 


LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 
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. . . adds the science of fluorimetry to the 
scope of the Medical and Clinical laboratory 


The Coleman Electronic Photofluorometer is a direct-reading, line- 
operated instrument for the precise analysis of vitamins, estrogens, 
steroids, catecholamines, porphyrins and other physiological fluid com- 
ponents of interest to medical science. 


The Photofluorometer can be used independently for routine analysis 
. or its sensitivity can be extended far into the range of trace- 


analysis by integrating it with a Coleman Junior or Universal Spectro- 
photometer. 


Like the Coleman instruments you already know, the Photofluorometer 
is easy to use . . . easy on the budget, and de- 

livers analytical data with the faithful depend- 

ability you need in a clinical instrument. / 


/} 


Write for New Bulletin... B-245 


COLEMAN INSTRUMENTS INC., DEPT. E MAYWOOD, ILLINOIS 
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| _ The World’s Finest 
| 
| Coleman Electronic Photofluocrometer 


OUTSTANDING 
ADVANTAGES 


GREATER ACCURACY 
* MORE EASILY READ END- POINT 
SENSITIVITY 


greater accuracy for more precise clinical control. 
ACUPLASTIN measures the combined activity of 
and proconvertin, an important consideration 


A inle in anticoagulant therapy. 
, ! ) as in| more easily read end-point—The granular pattern of the 


Nesemo* formation of fibrin with ACUPLASTIN permits the tech- 
THROMBOPLASTIN nologist to observe the formation of a distinct and definite 
end-point. 
EXTRACT 
_ sensitivity—ACUPLASTIN detects, and can reproduce 
small but significant variations in plasma samples. 


Ortho Pharmaceutical Corporation — 
Raritan, New Jersey 
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DISPOSABLE PLASTIC PETRI DISH 


... Sterilized, ready tor one-time use, saving time and labor 


Wheaton plastic Petri Dishes are made of 
lightweight, transparent, colorless polysty- 
rene, which can be marked with glass marking 
pencil, is inert to usual bacteriological rea- 
gents and media, and contains no plasticizers. 
Used successfully with a wide variety of 
cultures without apparent inhibiting effect. 
Heat distortion temperature is approximately 
84°C. Rims on both top and bottom parts 
facilitate stacking; three peripheral lugs on 
the bottom rim separate stacked dishes to 
allow free circulation of air in the incubator. 


Sterilization has been effected by means of 


a germicidal mixture of ethylene oxide and 
earbon dioxide. Dishes from each lot are 
tested for sterility in accordance with the pro- 
cedure specified by the U. S. Pharmacopoeia. 


Nominal size is 100 x 15 mm, with bottom 
approximately 95 mm outside diameter x 14 
mm deep, and loosely fitting top, 100 mm 
outside diameter x 13 mm deep; overall 
assembled height, 19 mm. 


Plastic dishes eliminate the hazards and 
costly, time-consuming operations of cleaning 
and sterilizing associated with glassware, and 
can be destroyed by incineration. 


4338-A. Culture Dish (Petri Dish), Disposable, Polystyrene, Wheaton, as above described, nominal size 100 
x 15 mm. Sold only in sealed, reinforced polyethylene bags containing 20 sterilized pairs. 


Per 20 pairs, in sealed bag 

Per carton containing 120 pairs (6 bags of 20) 
Per carton, in lots of 25 cartons (3000) or more 
Per case containing 500 pairs (25 bags of 20) 
Per case, in lots of 6 cases (3000) 


3.00 
14.40 
13.37 
57.15 


Per case, in lots of 12 cases (6000).......... 
Per case, in lots of 30 cases (15,000)* 

Net weight, per pair 

Shipping weight per carton of 120 

Shipping weight per case of 500 


50.72 


*in lots of at least 250 cases of 500 each (125,000 or more), price is $48.57 per case. Such quantities are shipped directly from 
factory and delivered at convenience of purchaser provided shipment of 250 cases is accepted within one year from date of order. 
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CLINICAL AND EXPERIMENTAL 


THE EFFECT OF PTEROYLGLUTAMIC ACID ADMINISTRATION ON 
THE SERUM VITAMIN B,, CONCENTRATION IN 
PERNICIOUS ANEMIA IN RELAPSE 
J. Box, M.D., J. G. Faser, Px.D., J. A. pe Vries, W. F. STENFERT KROESE, 
H. O. Nrewee, M.D. 

GRONINGEN, NETHERLANDS 


ECAUSE of the effectiveness of parenteral administration of vitamin B,. 

in pernicious anemia, it is gererally accepted that the clinical manifestations 
of this disease are due to a deficiency of this vitamin. This is supported by the 
low concentration of vitamin B,, in the serum observed by Ross’ and many 
other workers.?* Factors of the folie acid group also have hemopoietic ac- 
tivity in this disease, but the administration of pteroylglutamie acid (PGA) 
may provoke the nervous system lesions of vitamin B,, deficiency.® 

The present study deals with the effect of short-term administration of 
PGA on the serum vitamin B,. concentration in untreated Addisonian per- 
nicious anemia. 


MATERIALS AND METHODS 


Thirteen cases of pernicious anemia have been studied. The diagnosis was based on 
the generally accepted clinical and laboratory criteria (including serum vitamin B,, level). 
For this study we have selected patients without subjective or objective signs of nervous 
system disease, because of the potential danger of PGA administration in pernicious 
anemia. 

Patients whose hemoglobin level was less than 6 Gm, per cent were also considered 
unsuitable, because we did not want to postpone adequate treatment with vitamin B, 
with this severe degree of anemia. 


From the Department of Medicine, City Hospital, Dordrecht, the Microbiological Lab- 
oratory, N. V. Philips-Roxane, Weesp, the Radiotherapeutic Institute, Rotterdam, and the De- 
partment of Medicine, University of Groningen. 


Received for publication Aug. 27, 1957. 
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With one exception we have studied patients with a serum vitamin B,, level higher 
than 17 pug per milliliter. 

PGA was administered by mouth in a dosage of 15 mg. per day over a period of 5 days 
in 10 cases, 4 days in 1 case, 6 days in another case, and 8 days in the last case. 

The vitamin B,, level in the serum was estimated before administration of PGA and 
on the last day of PGA treatment. The total vitamin B,, activity of the serum was de- 
termined with the Lactobacillus leichmannii A.T.C.C. 7830 Strain 313. Details of the pro- 
cedure were previously described. Addition of PGA to serum in vitro does not influence the 
results of the vitamin B,, assay. 

Seventeen micrograms per milliliter is the lowest level which can be estimated with the 
method we used. The accuracy of the results is about 15 to 20 per cent in these low ranges 
of vitamin B,, activity. As a criterion for the hemopoietic response we used the reticulo- 
evte count method of Van Herwerden. 


The folie acid activity of the serum was determined by using Streptococcus faecalis R.4 


TABLE I. THe Errecr or PGA ON THE VITAMIN B,, LEVEL AND THE RETICULOCYTE COUNT IN 
PERNICIOUS ANEMIA IN RELAPSE 


‘DOSES VIT.B, |  VIT. By | DECREASE OF 


PGA | BEFORE | VIT. By, RETICULOCYTE RESPONSE 
(15 MG. EACH) | PGA (PERCENT) |! (MAX.%) | RESULT 
100 25 
50 40 
19 


OF 


5 


oo 


*Subsequent treatment with vitamin By» resulted in a good hemopoietic response. 


RESULTS 

During the short period of this experiment the administration of PGA 
did not produce nervous system lesions in pernicious anemia in relapse. 
Table I gives the data concerning the 13 patients treated with PGA. 

The vitamin B,, level showed a fall in 10 out of these 13 cases after PGA 
administration. In one patient the vitamin B,,. content of the serum was less 
than 17 pug per milliliter before PGA was given; therefore, a decrease of the 
vitamin B,, could not be detected in this case. No change of the vitamin B,. 
level was found in 2 patients. It is remarkable that in these 2 cases no reticu- 
locyte crisis was produced by the administration of PGA, while in all the other 
cases studied by us a significant hemopoietic response was produced by PGA 
treatment. In these two cases the folie acid activity of the serum was in- 
creased during the administration of PGA (Fig. 1). 


DISCUSSION 


In 10 out of 13 eases of Addisonian pernicious anemia in relapse a 
decrease of the vitamin B,, concentration was associated with a hematologic 


CASE | 
NO. 
2 
3 
4 
5 63 39 38 58 + 
; 6 92 75 19 56 + 
7 33 > 48 114 + 
88 <17 > 81 182 
9 | 60 30 50 198 
10 83 <17 > 79 160 
s 11 5 <17 <17 0 151 + 
12 50 50 0 22" 
13 I 50 50 0 18 = 
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response after treatment with PGA. It is striking that the serum vita- 
min B,. value did not change in the 2 patients in whom the administration 
of PGA did not influence blood production. In one patient who had a reticulo- 
cyte response the vitamin B,, level both before and after the administration of 
PGA was lower than the concentration which can be detected with the method 
used by us. From the data of the last case no conclusions could be drawn. 


increase in 
serum folic 
acid activity 


hemopoietic 
response 


Vit.By2 1004 
IM 


0 


T T T T T T T Tt T T T 
345678 8 0 Tl 12 13 

case numbers 
Fig. 1—Serum vitamin By level before and after + 5 days of PGA administration in 13 


cases of pernicious anemia in relapse. 
1) In these two patients folic acid determinations were not performed. 


There seems to exist a relation between the effect of PGA on blood forma- 
tion and the decrease of the serum vitamin B,, level. The significance of our 
data is indicated by (1) the fact that we never found an increase of the serum 
vitamin B,. level; and (2) the decrease of the vitamin B,. level which was 
more than 20 per cent in 8 out of 10 cases and 19 per cent in the remaining 
2 cases. 

The conclusion that the decrease of the vitamin B,. level is due to the 
hemopoietic activity of PGA is even more convineing since it could be demon- 
strated that the extent of the decrease is dependent upon the degree of the 
hematologic response. 

In the graph of Fig. 2 the percentage fall of the serum vitamin B,, is 
plotted against the maximum number of reticulocytes (per thousand erythro- 
cytes) during the reticulocyte crisis after the institution of treatment with 
PGA. This graph shows a correlation between hemopoietic activity and fall 
in the vitamin B,. level; it indicates that the fall in serum vitamin B,, is a 
function of the hemopoietic activity of PGA. This conelusion has been statis- 
tically ealeulated. The critical relation is 2.18 : 0.37 = 5.7 and thus P = 0.001. 
In the figure the regression-line is drawn (caleulated on Y = 19 + 2.18X).* 

Other data on the effeet of PGA on vitamin B,, metabolism are provided 
by 3 incidental observations of a decrease of the vitamin B,. levels when PGA 

*We wish to express our thanks to Prof. Dr. S. T. Bok, Director of the “Nederlands 


gma Instituut voor Hersenonderzoek” at Amsterdam, for making the statistical calcula- 
tion. 
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was given to cases of megaloblastie anemia of pregnancy due to folie acid 
deficiency. Serum vitamin B,, fell from 1,660 pug to 600 pag when PGA was 
given for one week, from 867 pug to 150 pug after 4 days’ PGA treatment, 
and in a third case from 483 pag to 83 pug after one day of 15 mg. PGA.* 


Max. retic. 
response 
in °/oo 


0 20 40 60 80 100 


Percentage fall serum-vit.By2 


Fig. 2.—Decrease of the serum vitamin Bu level (as a percentage of the initial value) 
as a function of the maximum reticulocyte value (in °/99 of the red blood cell count) after 
PGA administration, Regression line Y = 19 + 2.18X. 

Lear and Castle’ determined the vitamin B,, level in patients with per- 
nicious anemia in remission receiving parenteral maintenance treatment of 
20 or 30 wg every 2 weeks before and after a period of 6 months of supple- 
mental administration of 5 mg. PGA daily. In 18 out of 27 patients PGA pro- 
duced a fall of the serum vitamin B,,. concentration. In this group of patients 
the hemoglobin values did not change under the influence of PGA nor were 
signs of nervous system damage seen. A different aspect of the interrelation 
of folic acid and vitamin B,. was observed in a study of the effect of vitamin 
I3,. on the blood folie acid aetivity in pernicious anemia in relapse. A rapid 
fall of the blood folie acid values occurred, sometimes within 2 hours after 
the injection.* The available data are therefore consistent with the theory 
that vitamin B,, and folie acid act as coenzymes at different stages in the same 
synthetie process essential for blood formation. This theory was originally 
proposed by Wright and associates... They suggested that both vitamin B,, 
and folie acid are concerned with the synthesis of nucleie acids. The avail- 
able data on nucleie acid metabolism in human megaloblastic anemia have been 
discussed in a previous paper by Nieweg and associates.‘ 


The present results 
are consistent with the theory proposed in that report. 


200 ‘ 
Je- 
q 100 
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It is established by the data obtained that the administration of PGA to 
patients with pernicious anemia in relapse may produce a change in the dis- 
tribution of the vitamin B,, supply correlated with an increase of blood forma- 
tion. Presumably more vitamin B,, is required by the bone marrow when 
hemopoiesis is accelerated. It seems plausible that the rapid development 
of nervous system lesions sometimes associated with PGA administration in 
vitamin B,, deficient subjects is due to a decrease of the amount of vitamin 
B,, available for the nervous system. 


SUMMARY 


The effect of short-term administration of PGA on the serum vitamin 
B,. level was studied in 13 patients with pernicious anemia in relapse. 


In 10 out of 11 cases which showed a hemopoietic response, a decrease of 
the serum vitamin B,, activity could be demonstrated. In the last 2 cases 
treatment with PGA did not inerease blood formation. In these 2 patients the 
serum vitamin B,, level showed no change. 

A correlation was established between this decrease of the serum vitamin 
B,». level and the hemopoietic activity of PGA. 

These data also suggest that the rapid development of nervous system 
lesions sometimes associated with PGA administration in vitamin B,. deficient 
subjects is due to a decrease of the amount of vitamin B,, available for the 
nervous system. 
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TREATMENT OF HEPATIC COMA: USE OF CERTAIN KREBS’ 
UREA CYCLE INTERMEDIATES (L-ARGININE, pt-ORNITHINE) 
STaNLEY J. Woure, M.D.,* Bernuarp B, Fast, M.D.,** James M. Stormont, 
M.D., AND CHARLES S. Davipson, M.D. 

Boston, Mass. 


RELATIONSHIP between disturbances of nitrogen metabolism and the 

genesis of hepatic coma has been generally accepted and ammonia intox- 
ication may be important in producing this disorder. Although proof is lacking 
that ammonia is the etiologie agent, the observations that elevated blood ammonia 
concentrations frequently oceur in hepatic coma’ lend support to this thesis. 
Moreover, impending hepatie coma has been produced in sensitive individuals 
with liver disease after administration of nitrogenous substances and eation ex- 
change resins®"'° from which ammonia may be derived. 

These considerations have led to treatment of hepatic coma with materials 
which serve to depress the circulating blood ammonia. Glutamie acid": ' and 
aspartie acid’* have been reported to reduce elevated blood ammonia coneentra- 
tions, although their effect on clinical state and survival has been variable.'*'* 


The recent publication of Najarian and Harper,'’® demonstrating the effi- 
cacy of arginine in reducing blood ammonia, stimulated our interest in the use 
of this and related compounds in treating hepatic coma. This report is an ac- 
count of our experiences utilizing L-arginine and pL-ornithine both on the general 
medical and surgical wards and under the more controlled conditions of a 
metabolic ward. 


MATERIALS AND METHODS 


Patients.—Ten patients (7 men and 3 women) were treated for hepatic coma, usu- 
ally with high arterial ammonia concentrations, on the medical and surgical wards of 
Boston City Hospital, and 5 (4 men, 1 woman) were observed on the Thorndike Metabolic 
Ward. Clinical data and laboratory findings are tabulated. With one exception (a patient 
without liver disease) ali exhibited unequivocal physical and biochemical evidence of 
hepatie cirrhosis. In 11, alcoholism was considered important in the genesis of the dis- 
ease, but the etiology of cirrhosis was unknown in 3 others. Post-mortem examination or 
surgical biopsy confirmed the diagnosis of cirrhosis in 7. Hepatic coma was thought to 
be a primary result in hepatic failure (as evidenced by hyperbilirubinemia and the pres- 
ence of ascites) in 5 instances, thought due to massive gastrointestinal hemorrhage in 2, 


From the Thorndike Memorial Laboratory and Second and Fourth (Harvard) Medical 
Services, Boston City Hospital, and the Department of Medicine, Harvard Medical School, 
Soston, Mass. 

This work was supported in part by a contract between Harvard University and the 
Office of The Surgeon General, Department of the Army, and in part by a fellowship from 
the National Heart Institute (HF-5688), Public Health Service. 

Received for publication Aug. 21, 1957. 

*Public Health Service Research Fellow of the National Heart Institute. Present ad- 
dress: Cincinnati General Hospital, Cincinnati, Ohio. 

**Research Fellow of the Canadian Cancer Society. 
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Number 5 


to both gastrointestinal hemorrhage and hepatic failure in 3, to intolerance to dietary 
nitrogen in 3, to paracentesis in 1, and followed the intravenous administration of massive 
doses of ammonium chloride in 1 (the patient without liver disease). 

Clinical Evaluation of Coma,—Criteria for diagnosis of hepatic coma were those de- 
scribed by Adams and Foley.2° The following grades were recognized: Grade 1: minimal 


” 


signs including “flapping” tremor of the hyperextended hands, lethargy, slurred speech, 
inability to perform simple arithmetic problems, and failure to maintain a neat habitus 
where this was normally observed, but maintaining orientation and sphincter control. 
Grade 2: the above findings accentuated, in addition to which patients exhibited dis- 
orientation or confusion. Grade 3: a state of stupor from which the patient could be 
aroused to produce motion or incoherent speech. Grade 4: deep coma, Significant im- 
provement has been defined as recovery of consciousness in an originally stuporous or 
comatose patient and complete recovery in a patient with impending hepatic coma. 

Treatment.—Twenty to fifty grams of L-arginine* was administered intravenously 
over periods of from 30 minutes to 3 hours. The powder was prepared by dissolving 25 
Gm. L-arginine monohydrochloride in 400 ml. sterile, pyrogen-free water, filtering through 
a Seitz filter, and transferring to sterile containers. DL-Ornithine hydrochloride,t 25 Gm., was 
similarly prepared, Immediately before infusion, 100 ml. of 50 per cent glucose was added 
resulting in a 10 per cent glucose solution. In 4 patients infusions were repeated on 
succeeding days, Arterial blood ammonia concentrations were usually measured twice be- 
fore the start of treatment and frequently during and after its conclusion. 

As indicated in the tables, some patients received additional treatment including 
protein deprivation, oral carbohydrate alimentation in the form of a partially hydrolyzed 
starch} mixed with fruit juices, enemas and purges, oral nonabsorbable broad spectrum 
antibiotics (neomycin§ and humycin§), oral and intravenous tetracycline, and hyper- 
tonic saline. Gastrointestinal hemorrhage thought to originate from esophageal varices 
was treated by esophageal tamponage. 

Two subjects (J. P. and J. H.) were studied under better controlled conditions on the 
Thorndike ward. Both received a constant daily 90 Gm, protein diet calculated according 
to standard tables.2!. J. P., a chronie aleoholic with stabilized portal cirrhosis and 
hepatosplenomegaly, exhibited persisting intolerance to dietary protein. On a standard 90 
Gm, protein intake he developed severe impending hepatic coma which rapidly cleared with 
administration of an oral nonabsorbable broad spectrum antibiotic in appropriate dosage. 
On withdrawal of the antibiotic, impending coma recurred in from 7 to 10 days. On 3 occa- 
sions, arginine (25 to 50 Gm. daily) was administered intravenously for from 1 to 3 days 
while the standard protein diet was maintained and in the absence of other forms of 
therapy (Table III and Figs. 1 and 2). 

J, H. had undergone portacaval anastomosis approximately 2 months before studies 
were begun, Postoperatively she developed episodic stupor responding rapidly to oral 
nonabsorbable broad spectrum antibiotics, On 2 occasions 25 Gm. of arginine were ad- 
ministered daily for 1 and 3 days in lieu of other treatment. During one day of the 
second study the development of nausea and vomiting prevented maintenance of the 90 
Gm. protein intake. 

Three other patients observed on the Thorndike ward had received L-arginine under 
circumstances similar to those on the general wards. 

Laboratory Methods.—A modification?? of Conway’s method23 was utilized to deter- 
mine ammonia concentrations in arterial blood. The upper level of normal in this labora- 
tory is 70 wg per cent. Serum bilirubin was determined by the method of Ducci and Wat- 
son24 and blood urea nitrogen by the method of Owings and Mandel.25 


*Kindly supplied by Dr. Jesse P. Greenstein, National Institutes of Health, Bethesda, 
Maryland, by Dr. Augustus Gibson, Merck & Company, Inc., Rahway, N. J., as solution, and 
purchased from Nutritional Biochemicals Corporation, Cleveland, Ohio, as a powder. 
+Purchased from Nutritional Biochemicals Corporation, Cleveland, Ohio. 

tDexin, Burroughs Wellcome & Co., Tuckahoe, N. Y. 

§Supplied through the courtesy of Parke, Davis & Co., Detroit, Mich. 
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TABLE II. CLINICAL AND BIOCHEMICAL DATA OF PATIENTS IN 


| TOTAL | 
PATIENT SERUM 
| 


TIMEt 


AGE | PRECIPITATING | BILIRUBIN DURATION | (— BEFORE) TREATMENT 
SEX | DIAGNOSIS FACTOR (MG. %) | 


OF COMA | (+ AFTER) AND AMOUNT 


.K. Cirrhosis, unknown i. 1. hemor- 3.8 4 days — 45 min. 
etiology; eso rhage 5 min. 
phageal varices ; Arginine, 20 Gm. 
hepatoma 5 min. 

(autopsy) min. 

min. 

min. Infusion speed in- 

min. creased 

min. Infusion complete 

min. 

min, 

hr. Arginine, 25 Gm. 

hr. (2 hr.) 

hr. Arginine, 25 Gm. 

hr. (3 hr.) 


Cirrhosis, unknown Dietary nitro- 1.0 min. 
etiology (biopsy) ; gen — 5 min. 
portacaval anas- 
tomosis; episodic 5 min. 
stupor min, 


t+ 


Arginine, 20 Gm. 


min. Infusion complete 
hr. 
hr. 
hr. 


Portal cirrhosis Paracentesis, -180 min, 

(aleoholie ) hyponatre- min. 
(autopsy ) mia (serum Arginine, 25 Gm. 

Na 125 5 min. 

mEq./L. ) 5 min. 
min. Infusion complete 

min. 

min, 

hr. 


Duodenal ulcer; py-  I.V. NH,Cl min, 
lorie obstruction; 29 Gm. in ~ min. 
metabolic alkalo- 20 hours min. 
sis; normal liver Arginine, 25 Gm. 
(laparotomy ) 25 min. 
min. 
min. Infusion complete 
hr. 


Portal cirrhosis . L. hemor- ; min. 
(aleoholie ) rhage 5 min. 
Arginine, 25 Gm. 
5 min. 
min. 
min. Infusion complete 
hr. 
hr. Arginine, 25 Gm. 
hr. Arginine, 25 Gm. 
hr. 
hr. 
hr. 
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Wuom CoMA CoUuLD BE ATTRIBUTED TO A PRECIPITATING FACTOR* 


TREATMENT OF HEPATIC COMA 


GRADE OF 
HEPATIC 
COMA 


ARTERIAL 
NH, 
(MG. % ) 


UREA 
NITROGEN 
| (MG. %) OTHER TREATMENT 


COMMENT 


. Tamponage 
. Protein deprivation 

3. Enema and purge 
. LV. tetracyeline 


96 3 
115 33 3 


117 
91 
112 
90 
81 
88 
113 
138 


. Protein deprivation 
Enema and purge 
3. Oral nonabsorbable broad 
spectrum antibiotic 
- Oral carbohydrate 


. Protein deprivation 

. Enema and purge 
3. Oral tetracycline 

. Oral carbohydrate 


. Discontinued NH,C1 infu- 
sion 
. Gastric suction 


. Tamponage 

. Protein deprivation 

. Enema and purge 

. Oral nonabsorbable broad 
spectrum antibiotic 

. Oral carbohydrate 


Thirty minutes after arginine was 
begun and 5 min. after comple- 
tion, hemorrhage recurred. It 


again recurred 24 hr. later and 
was uncontrolled, Patient died 


Complete recovery in 36 


No change in clinical state during 
or after arginine infusion. Dra- 
matic clinical response to hyper- 
tonic saline infusion. Patient 
died later of sepsis and hepatic 
failure 


Rapid, complete neurological recov- 
ery. At operation (subtotal gas- 
trectomy) liver appeared normal. 
Biopsy not obtained 


Active hemorrhage recurred when 
infusion completed. Tamponage 
controlled bleeding but bleeding 
recurred. Again controlled and 
patient recovered 
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} 
| 
33 
3 
3 
3 
111 3 
192 4 
189 4 Shr. 
186 4 
104 
67 
93 3 
122 4 
102 4 
68 1 
139 2 
151 47 
142 2 
122 70 2 
101 47 
77 2 
51 51 E 
127 3 1 
154 3 
123 2 
91 3 
64 3 
51 2 
47 2 
126 1 1 
150 1 2 
152 1 4 
225 
250 1 5 
237 
4 
4 
4 
102 2 
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TABLE II 


| TOTAL 
PATIENT | SERUM TIMEt 
AGE PRECIPITATING | BILIRUBIN | DURATION | (— BEFORE) TREATMENT 
SEX DIAGNOSIS | FACTOR | (MG. %) | OF COMA (+ APTER ) AND AMOUNT 
P.M. Portal cirrhosis G. Ll. hemor- 11.6 36 hr. — 80 min. 
64 (alcoholic ) rhage ; — 5 min. 
M hepatic 0 Ornithine, 25 Gm. 
failure +100 min, 
+160 min, 
+200 min. Infusion complete 
+ hr. 
5 hr. 


M. M. Portal cirrhosis G. I. hemor- 10.2 Admitted in min. 

65 (alcoholic) rhage; coma; no min. 
F hepatic history. Arginine, 20 Gm, 

failure At least 5 min. 

2 days 2 min. 

min. 

min. 
min. Infusion complete 

min. 

hr. 


M.0O. Portal cirrhosis Hepatic fail- 24 hr. min. 
45 (aleoholie ) ure; G. I. min. 
F (autopsy ) hemorrhage Arginine, 50 Gm. 
min. 
min, 
min. Infusion complete 
hr. 
2 days 
*All patients except J. C. and M. J. had ascites. 
+Time before and after administration of antibiotic. 


RESULTS AND CLINICAL OBSERVATIONS 


Patients were divided into 3 groups. Group I (5 patients, Table I) developed 
hepatic coma in the absence of a recognizable precipitating factor other than 
severe hepatic disease, whereas in Group II (8 patients, Table IL) a causative 
factor could be identified. This division seemed desirable since the prognosis of 
those cases with controllable precipitating factors was better than in those in 
whom control could not be achieved, i.e., hemorrhage and progressive hepatic 
failure. The 2 patients observed on the Thorndike ward under controlled con- 
ditions are considered separately as Group IIT (Table IIT). 

Earlier experiences indicated that the stage of hepatic coma at which 
treatment is begun has no measurable influence on prognosis. Duration of coma 
may be related to prognosis and this information is included in the tables. 


The effect of intravenous arginine and ornithine administration on arterial 
ammonia concentrations and clinical state is shown in the tables. Two Group I 
subjects (E. A. and J. G.) had normal arterial ammonia concentrations initially 
and a significant decrease was not observed. J.S. exhibited a slightly elevated 
ammonia concentration before treatment, and arginine infusion was accom- 
panied by a drop of 25 ne per cent. At the conclusion of the infusion ammonia 
concentration was higher than the control (104 wg per cent), and the next day 
a low of 47 wg per cent was observed. The remaining 2 patients in Group I had 
elevated arterial ammonia levels initially and reductions of 51 »g per cent and 
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ARTERIAL UREA GRADE OF 
NH, | NITROGEN | HEPATIC 
(MG. % ) (MG. %) COMA OTHER TREATMENT COMMENT 


263 4 . Tamponage Seizures. Active bleeding persisted. 
330 . Protein deprivation No improvement. Patient died 
3. Enema and purge 
. Oral nonabsorbable broad 

spectrum antibiotic 


203 


. Protein deprivation Seizures. No change. Patient died 
2. Cortisone 
3. Oral tetracycline 
. Paraldehyde and dilantin 
for seizures 
5. Tamponage 


. Protein deprivation Bleeding ceased spontaneously. 
. Enema and purge Slight (less than 1 grade) im- 
3. Oral nonabsorbable broad provement during arginine ther- 
spectrum antibiotic apy. Later cleared almost com- 
. Oral carbohydrate pletely on ‘‘other’’ treatment, 
Patient eventually died 


91 pg per cent, respectively, were recorded, the latter occurring after suecces- 
sive infusions of ornithine and arginine (S. I.). In no instance did significant 
improvement in clinical status occur during or immediately after treatment. 
Three subjects (J. S., S. I, and P. L.) exhibited improvement from 24 to 72 
hours after start of therapy, but each was also being treated with a regimen 
of protein deprivation, oral nonabsorbable broad spectrum antibiotics, and 
enemas and purges. J. G. showed no clinical change in response to any form of 
therapy and died within 4 days of admission. The final patient (E. A.) re- 
covered slowly over many weeks coincident with improved liver function. The 
3 fatal cases were those with the highest serum bilirubin concentrations. 

Elevated arterial ammonia concentrations before therapy were found in 
every patient in Group II, and all but one exhibited a prompt reduction during 
the infusion. In one individual (J. K.) a substantial increase of blood ammonia 
occurred during the infusion of arginine associated with increasing coma due 
to active, uncontrolled hemorrhage from esophageal varices. This patient re- 
ceived subsequent infusions of 25 Gm. of L-arginine without influence on clinical 
condition. He began to recover 48 hours after the last infusion when bleeding 
was finally controlled. 

Of 7 patients who exhibited biochemical response to arginine or ornithine 
infusion, only one showed an improved state of consciousness during or im- 
mediately after treatment. Four others later recovered from that episode of 
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157 4 

117 4 
119 66 4 

119 4 

90 

64 

50 65 4 
51 4 

51 67 4 

62 4 

122 3 

125 92 3 

78 3 
71 3 

52 95 3 

73 3 

97 4 
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hepatic coma unrelated temporally with arginine therapy. In each case the 
precipitating factor was eliminated before recovery ensued. In the fatal eases, 
massive gastrointestinal hemorrhage could not be controlled and one (R. K.) 
proved to have a hepatoma. 


The single Group Il example of significant improvement in response to 
arginine infusion is of special interest since it may represent an unique in- 
stance of true “ammoniagenic” coma. A brief case report follows. 


M. J., a 56-year-old white man, was admitted after 3 weeks of persistent vomiting 
due to pylorie obstruction. 


He had previously imbibed large quantities of whiskey but had 
abstained for 3 years because of recurring abdominal pain. 


On admission he was de- 
hydrated, confused, disoriented, lethargic, and exhibited tetany. 


There were no signs of 
liver disease. 


Admission laboratory data revealed hemoconcentration, a profound metabolic 


alkalosis (CO, combining power 70 mEq./L., chloride 46 mEq./L.), and hypokalemia. The 
urine reaction was acid. 


Treatment consisted of intravenous fluids and electrolytes in- 


cluding 530 mEq. of ammonium chloride over a 20-hour period. Although serum electrolytes 


reverted rapidly toward normal in the next 12 hours, the patient’s state of consciousness 


declined and he lapsed into deep coma with extreme muscular rigidity. Despite cessation 


of ammonium chloride infusion, arterial ammonia concentrations remained elevated for 


several hours and coma persisted (Table I), Infusion of arginine was associated with 


mental clearing and complete recovery followed after 16 hours. A typical “flapping” 


tremor was noted during the period between regaining consciousness and complete re- 
covery, 


A subtotal gastrectomy was performed later, and at operation the liver appeared 
to be normal, A biopsy was not obtained. 


Non- absorbable 8 | 
Antibiotic 
Gms. /day 
iv. ARGININE °° — 
Gms./day 2° 


Arterial 200+ 


Neurology 
Grade 


Dietary 
Protein 60 


Gms./day 30 


Malay 


5 10 65 70 75 100 105 No I 
DAYS 


Fig. 1.—Arginine and antibiotic therapy in hepatic coma in J. P., a 54-year-old man with 
portal cirrhosis and episodic stupor. 


Those patients in Group II] who developed impending coma as a result of 
intolerance to dietary nitrogen received infusions of arginine as outlined in 
Table Ll and Figs. 1 and 2, during which dietary intake was maintained and no 
other form of therapy was utilized. J. P. (Fig. 1) failed to respond clinically 
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to 25 Gm. of arginine although arterial ammonia concentrations diminished. 
He later cleared when humyein was administered. In a second and third epi- 
sode he showed slight clinical improvement when arginine was administered 
for 3 successive days. Again further clearing ensued when the antibiotic was 
given. 

J. H. exhibited prompt, dramatie recovery from severe impending coma 
within a few hours of administration of 25 Gm. of arginine (Fig. 2). Arterial 
ammonia concentrations diminished correspondingly. Evidence of impending 
coma recurred 24 hours later, progressed, and rapidly cleared when humyein 
was given. A second episode was treated by 3 successive daily infusions of 
arginine. Again rapid neuropsychiatric clearing ensued, but nausea and vomit- 
ing precluded maintenance of the 90 Gm. protein intake. After this course 
the patient remained free of symptoms for 3 days when reeurrence accom- 
panied by high arterial ammonia concentrations developed. Prompt recovery 
followed antibiotic therapy. 

Blood urea nitrogen determinations were obtained during 9 episodes in- 
cluded in this study. In none did a definite and persisting alteration occur 
following treatment despite significant diminution in ammonia concentrations. 


Non-absorbable 
Antibiotic 
Gms. /day 


iv. ARGININE 
Gms. /day 


Arterial 
NH3 


AGms. % 


Neurology 
Grade 


Normal-— 


Dietary 


Protein 
Gms. /day 


Fig. 2.—Arginine and antibiotic therapy in hepatic coma in J. H., a 57-year-old woman with 
cirrhosis of unknown etiology, portacaval anastomosis, and episodic stupor. 


DISCUSSION 

The efficacy of arginine and related compounds in protecting rats against 
lethal concentrations of amino acid mixtures and ammonium acetate has been 
clearly demonstrated in a series of observations by Greenstein and co- 
workers,*°** Najarian and Harper*® extended these studies to dogs, protecting 
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them against glycine poisoning, thought to be a result to ammonia intoxica- 
tion, by simultaneous or delayed intravenous administration of arginine, and 
its protective action was shown to be more effective than that of monosodium 
glutamate. Later, Najarian and Harper'® administered arginine to 15 pa- 
tients with hepatic coma and high blood ammonia concentrations and noted a 
reduction in ammonia levels, simultaneous elevation of blood urea nitrogen, 
and at least temporary clinical improvement. Recently Bessman and ¢o- 
workers® administered ammonium chloride intravenously together with so- 
dium glutamate and arginine to patients with and without cirrhosis. Arginine 
exhibited a slight effect on removal of ammonia from the circulation of the 
patients with cirrhosis but was inferior to sodium glutamate in this action. 

A complete understanding of the basis for the blood ammonia-reducing 
properties of the compounds under consideration is not presently available. 
Gullino and associates*® cited the early studies of Krebs and Hanseleit who 
observed that the in vitro rate of urea formation from ammonia by liver slices 
was markedly accelerated by the addition of arginine or ornithine to the re- 
action. The rise in urea nitrogen observed in protected rats suggested that 
the major effect of arginine was mobilization of the Krebs-Hanseleit urea- 
synthesizing eyele. Najarian and Harper similarly observed rising urea nitro- 
gen in both the glycine-poisoned dogs and the human beings with hepatic 
coma who were treated with arginine and related this to the urea cyele.’® *° 
In a recent Letter to the Editor in Lancet, Manning*' emphasized that it is a 
fundamental principle of enzymatic reactions that reaction velocity is in- 
creased by the addition of increasing amounts of substrate. Therefore, the 
addition of any of the substrates of the urea cycle would be expected to in- 
crease its reaction velocity and hence augment removal of ammonia. He econ- 
sidered arginine the most effective of the urea cycle intermediates due to its 
free permeability into the liver cell and the high concentration of arginase in 
liver permitting arginine to act as a precursor to ornithine. 

The results of the present study confirm the effectiveness of arginine in 
reducing blood ammonia concentration. Ornithine appears to act similarly. 
In contrast to the experience of McDermott and associates*? ammonia removal 
began rapidly, usually within a few minutes after the start of the infusion. 
Evaluation of duration of ammonia reduction was difficult due to utilization 
of other forms of therapy, although in one of the controlled studies, reeur- 
rence of symptoms and rising blood ammonia oceurred 24 and 72 hours after 
cessation of therapy. Corresponding rises in blood urea nitrogen concentra- 
tions were not observed—a finding at variance with all previously reported 
studies and which we cannot explain. 

Reliable assessment of a form of therapy is always difficult when employed 
in treatment of desperately ill patients. In Groups I and II the other measures 
used were designed to reduce the nitrogen content of the intestines, and in- 
eluded protein deprivation, oral carbohydrate alimentation, enemas and 
purges, and oral nonabsorbable broad spectrum antibiotics. It has been our 
experience’ ** as well as that of others**-** that these are effective means of 
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reducing blood ammonia concentrations and constitute a treatment program 
that has increased survival when compared to similar groups of patients 
treated by other methods.’* Our results suggest that clinical improvement and 
ultimate recovery were at least as dependent on those measures as on arginine 
effect. 

Arginine administration with constant protein intake in 2 patients with 
episodic stupor serves as the best measure of its therapeutic effectiveness. Al- 
though in one patient there was an arginine-induced improvement in 2 of 3 
impending coma episodes, further clearing was always observed after ad- 
ministration of an oral nonabsorbable broad spectrum antibiotic. The second 
patient responded rapidly on 2 occasions to arginine therapy. However, 
equally dramatie and rapid improvement followed antibiotic ingestion. Thus, 
while arginine possesses excellent blood ammonia-reducing properties, its 
effectiveness in improving the state of consciousness of patients with hepatic 
coma and its influence on ultimate survival is not apparently superior to meas- 
ures designed to reduce absorption of nitrogen from the intestines. 

These considerations point up the question of the role of ammonia in the 
genesis of the hepatic coma syndrome. It is generally accepted that only a 
very rough correlation exists between venous ammonia concentration and 
state of consciousness in hepatic disease. Bessman and associates demon- 
strated a positive arteriovenous ammonia difference which they felt was a 
result of muscle and cerebral ammonia utilization, and found that the arterial 
concentration paralleled the clinical state.** ** Summerskill and co-workers 
confirmed the positive arteriovenous difference in most instances but found 
poor correlation between clinical state and arterial concentrations. They 
demonstrated further that the introduction of the regimen designed to reduce 
intestinal nitrogen absorption resulted in lowering of arterial ammonia con- 
centration despite persistence of hepatic coma, indicating that ammonia con- 
centrations reflect the amount of nitrogen absorption from the intestine at the 
time the blood is collected, rather than elinical state. 

There is ample evidence, however, indicating that ammonia toxicity has 
some role in the production of hepatic coma. Administration of ammonium 
salts” * and ammonia-liberating cation exchange resins* undoubtedly produce 
hepatic coma in sensitive patients with cirrhosis. Development of the typical 
syndrome in man by giving ammonium salts in the absence of severe liver dis- 
ease has not been thought possible*’ but the case reported here of a patient 
with normal liver function developing coma as a result of massive intravenous 
ammonium chloride infusion may refute that thesis. Stauffer*! has made 
similar observations in another example of ammonium chloride therapy for 
metabolic alkalosis in the absence of liver disease. Jaquez and associates 
found correlation between clinical state and partial pressure of ammonia 
(PNH,) closer than between total blood ammonium (NH;-NH%4) and depth of 
coma. Both Stauffer’s patient and ours exhibited severe alkalosis, and as 
elevation of pHI inereases the ammonia fraction (PNH,) it is possible that de- 
velopment of the syndrome in otherwise normal individuals required a com- 
bination of both high ammonia concentration and the presence of alkalosis. 
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Observations that clinical improvement, when it occurs, lags behind re- 
turn to normal arterial ammonia concentrations suggest cither that other 
factors are important in maintaining the neurological state or that the effect 
of ammonia on cerebral metabolism is only slowly reversible. The two con- 
trolled studies indicated that signs of coma could be rapidly eliminated with 
appropriate therapy. Of interest was the further improvement in one patient 
when an antibiotic was given after ammonia concentrations had been reduced 
by several days of arginine treatment, suggesting that the antibiotic may re- 
duce intestinal formation of toxic substances other than ammonia which could 
reach the brain by passing unmetabolized through a diseased liver or around 
it via the collateral cireulation.*® The identification of such material has not 
been established, although several have been suggested. Methionine may pro- 
duce impending coma in sensitive subjects with hepatic disease without eon- 
stant elevation of blood ammonia,** and products of its breakdown—methio- 
nine sulfoxide, dimethyl sulfide, and methyl merecaptan—have been impli- 
cated as possibly being important in production of the syndrome.*® “ Oral 
chlortetracycline prevents this methionine effect. Indoles of intestinal origin 
may be responsible for some of the manifestations of coma,**® and while broad 
spectrum antibiotics could reduce their production by inhibiting bacterial de- 
composition of protein, arginine, or any related compound would have no ef- 
fect. Thus a regimen designed both to reduce the amount of intestinal nitro- 
gen, and the bacterial decomposition of that which cannot be removed, i.e., 
urea, appears to be most successful in protecting the brain from ammonia or 
any other toxin of intestinal origin. 

Ultimate recovery clearly depended on control of factors precipitating 
coma. The Group I survivors exhibited the least derangement of liver fune- 
tion (serum bilirubin < 5 mg. per cent) and the patient surviving after mas- 
sive gastrointestinal hemorrhage improved only in relation to control of bleed- 
ing. Indeed, during active bleeding intestinal nitrogen absorption was so 
great*’ that ammonia concentrations increased during infusion of arginine. 
The patient with pure ammoniagenic coma would probably have recovered 
without therapy, and there is ample evidence that episodie stupor responds to 
dietary protein reduction. The final survivor exhibited no improvement until 
hypertonic saline was given to correct the paracentesis-induced disorder lead- 
ing to coma. 

Systematic review of Najarian and Harper’s case reports'® reveals results 
essentially similar to ours. Improvement and recovery in all eases of coma 
induced by gastrointestinal hemorrhage and dietary nitrogen were clearly 
related to removal or control of precipitating factors. Four episodes of coma 
complicating infectious hepatitis were reported. In one, clinical improvement 
could be associated only with arginine therapy, while in another insufficient 
data as to ancillary treatment and diet were provided. <A third patient failed 
to respond, and in the fourth mental clearing after arginine therapy was co- 
incident with rapid improvement in liver function; unless one aseribes to 
arginine some effect on the course of viral hepatitis, its administration was 
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not clearly related to the outcome. A patient with hepatic lymphosarcoma 
exhibited a favorable response after arginine infusion but details of other 
treatment and diet were not provided. 

Glutamie acid, sodium glutamate, and aspartic acid have also exhibited 
blood ammonia-reducing properties but clinical results have been variable and 
their interpretation rendered difficult by omission of details of other features 
of the patients’ care. It should be emphasized that evaluation of any specific 
therapy for hepatic coma must be conducted with control and clear exhibition 
of the amount of dietary nitrogen, employment of antibiotics, and the nature 
of precipitating factors. 

In another report® the results of treatment with humycin and neomycin 
are presented. Under controlled conditions clinical response to these agents 
was rapidly favorable and administration uncomplicated, in contrast to the 
difficulties of intravenous therapy. The clinical use of intravenously adminis- 
tered agents to reduce blood ammonia appears to have only limited application 
in treatment of hepatie coma. 


SUMMARY 


L-Arginine and pi-ornithine have been administered to 15 subjects with 
various degrees of hepatic coma and observations made of their effect on ar- 
terial ammonia concentrations and clinical state. 

In the majority, a prompt reduction of arterial ammonia concentration 
oceurred with, or immediately following, the infusion. Clinical response usu- 
ally could not be related to the reduction in blood ammonia and seemed to be 
more closely associated with the control of factors precipitating coma and to 
measures designed to reduce intestinal nitrogen absorption. Two subjects 
receiving arginine while on a controlled, constant protein intake exhibited 
clinical improvement which was neither more rapid nor more complete than 
that achieved by administration of oral nonabsorbable broad spectrum anti- 
bioties. 


It is concluded that arginine, ornithine, and other agents designed solely 
to reduce ammonia concentration by intravenous infusion have limited value 
in treatment of hepatic coma. 


We gratefully acknowledge the technical assistance of the Misses Alice N. Ballou, 
Ellen J. Doyle, and Elaine A. Hirshberg, and the dietetic assistance of the Misses Evelyn 
Antonaros and Mary F. Bradley. 
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STUDIES OF NEUROHYPOPHYSEAL FUNCTION IN MAN: 
EFFECT OF ADRENAL STEROIDS ON POLYURIA IN 
COMBINED ANTERIOR AND POSTERIOR 
PITUITARY INSUFFICIENCY 
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Boston, Mass. 


A” ELIORATLON of polyuria in posterior pituitary insufficiency by destrue- 
tion of the anterior lobe of the pituitary gland' has been attributed by 
some workers to removal of various diuretie anterior pituitary hormones.*”' 
However, Leaf and associates’ have suggested that these hormones are not 
diuretic in themselves but influence water metabolism indirectly through their 
effects on solute intake and exeretion. The present report describes studies 
of a patient with post-partum pituitary necrosis (Sheehan’s syndrome) and 
combined anterior and posterior pituitary insufficiency in whom a diuretic 
action of adrenal steroids has been demonstrated which may be tentatively 
attributed to an inhibitory effect of these hormones on seeretion of antidiu- 
retic hormone (ADH) from the hypothalamus.t A second patient with a 
similar disorder who demonstrated polyuria only with administration of 
adrenal steroids is also briefly reported. 


MATERIALS AND METHODS 


The technique of study of neurohypophyseal function with intravenously administered 
nicotine, hypertonic saline, and Pitressin has been previously described.7 Acute changes 
in urinary total solute concentration (Uosm) (measured with a Fiske osmometer) and in 
the renal excretion of solute-free water (CH,O)§ were measured as indices of ADH seere- 
tion, Other measurements included urinary total 17-hydroxycorticosteroid (17-OHCS),” 
17-ketosteroid (17-KS),!° follicle stimulating hormone (FSH) assays,'! serum protein bound 
iodine (P.B.1.),12 and serum and urinary concentrations of creatinine (Cr),!% chloride 
(Cl),14 sodium, and potassium (using a Baird flame photometer with lithium as the internal 
standard). 
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RESULTS 
Case 1.—M. B. (PBBH 7E 760), a 26-year-old housewife, developed afibrinogenemia, 
profuse uterine hemorrhage, and acute renal failure during delivery of her second child on 


Nov. 25, 1952. The patient subsequently underwent artificial hemodialysis, following which 


she gradually improved. Prior to discharge, urine volume was approximately 1.0 L. per 


day, blood urea nitrogen was 19 mg. per 100 ml., and phenosulfonphthalein excretion 25 
per cent in 20 minutes. The patient was next seen in July, 1953, complaining of poly- 


dipsia, polyuria, amenorrhea, ioss of axillary and pubie hair, loss of libido, fatigue, and 
cold intolerance, Laboratory studies were suggestive of gonadotrophie and corticotrophie 
insufficiency but thyroid function was normal (Table I). 


TABLE I. Laporatory DATA IN PATIENT M. B. 
| 
URINE P.B.I. | F.S.H. 
| 


TREAT- 


| 17-oncSs | 17-KS| B.M.R. (uG./|(MOUSE| B.W. 
DATE MENT™* se) 


L.) | (MG.) |(M@.)| (%) ( Y%) | UNITS) |( POUNDS) 
/21/53 None 3. +13 
{24/53 None 0.0 

25/53 ACTHt 1.1 

26/53 ACTH 3. 8.4 
/27/53 ACTH 3. -} 
/17/54 None : 0.0 
9/54 T 60 

10/54 T 60 1.8 
25/54 25 
90 

25 
90 

37.5 
90 

37.5 
90 

none® 

90 


hone 


< 10 120 


132 


| 


6/ 9/54 


10/ 5/54 


3/ 9/55 


5/26/55 


3 


1/ 6/56 


5/15/56 


2.7 168 1438 


*E = cortisone; T — desiccated thyroid. The patient received 0.5 mg. stilbestrol daily 
after 3/17/54. 

+Twenty-five milligrams ACTH intravenously for 8 hours daily. 

tNot measured. 

§Sixteen-hour collection. 

Fourteen-hour collection. 

"Off cortisone for 24 hours. 

**Off cortisone for 48 hours. 


The patient was instructed to take 25 mg. cortisone by mouth daily, but which she 
took only intermittently in the ensuing months, and classic symptoms and signs of 
myxedema were present when she was next examined in March, 1954 (Table I). The 
patient was treated daily with thyroid and estrogenic hormones but the B.M.R. remained 
depressed until cortisone therapy was begun in May, 1954, following which it rose to 
normal. 


Studies of neurohypophyseal function were performed in this patient 
prior to and during replacement therapy with estrogenic, thyroid, and adrenal 
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56/27/55 
T 90 2.6 197 
9/ 3/55 E 25 
T 120 3.3 183 
12/ 7/55 FE 50 
T 120 5.2 167 
O25 
T 120 2.9 224 ; 
25 
T 120 
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steroid hormones (Table Il). In July, 1953, there was a normal antidiuretic 
response to small intravenous doses of nicotine and Pitressin but essentially 
lo response to intravenous hypertonic saline (Table Il, A). With the de- 
velopment of myxedema, there was slight delay in reaching peak water diu- 
resis, which was somewhat depressed, and the antidiuretic response to 1.0 mg. 
nicotine was profound and prolonged (Table Il, B). Hypertonic saline was 
infused slowly for a period to provide electrolyte for adequate renal excretion 
of water,’® and then administered rapidly, but no antidiuretic response ensued. 

Therapy with estrogenic and thyroid hormones did not improve the de- 
layed and depressed water diuresis and a prolonged antidiuresis was again 


TABLE IL, STUDIES OF NEUROPHYSEAL FUNCTION IN PATIENT M. B. 


UceV 
TIME | ML. } Pot Uce (MG./ 
(MIN.) | TREATMENT MIN. (mEq./L.) | (mEgq./L.) | (MG.%) | MIN.) 


20 ml. water/Kg. p.o.* A 12.4 107 40.9 0.7 
13.1 11.9 0.7 
Nic. 1.0 mg. LY. 

23.1 0.5 
0.7 
Pit. 15 mu. 0.6 
390 “ 3. 0.6 

390-428 3% saline I.V. 
500 mil. 2.7% 113 


B. (3/18/54) Hypogonad, Hypoadrenal, and Hypothyroid 


| Uosm Poss Cosa | 
|} (ML./ |(MOSM./|(MOSM./; (ML./ | (ML./ | 
TREATMENT | MIN.) | L.) be | MIN.) | 


20 ml. water/Kg. p.o. 
Nic. 1.0 mg. LV. 
3% saline IL.V. 

1.0 ml./min. 


3% saline IV. 
2.0 ml./min. 


3% saline I.V. 
500 ml. 


(. (5/11/54) Hypoadrenal; 60 mg. Thyroid and 0.5 Stilbestrol Daily 


0.56 
20 ml. water/Kg. p.o. 0.2+ 249 0.3 


5.7 f 285 


Nie. 0.5 mg. 
1.6 27 277 1.6 
3% saline LV. 
1.0 ml./min. 
3.0 ml./min. 


39% saline 
500 ml. LV. 
Pit. 15 mu. LV. 
480-500 


A. (7/23/53) Hypogonad, Hypoadrenal, and Euthyroid 
Cer 
TIME (ML./ 
(MIN. ) MIN. ) 
0 O.St 457 289 1.3 0.5 49 
: 90-105 4.7 139 276 2.3 +2.3 64 
110 
150-180 0.8 363 279 1.1 0.3 34 
195-225 1.3 454 2.2 0.8 76 
325 
m 345-375 2.2 309 274 2.4 0.3 78 
450-465 4.0 259 3.7 +0.3 63 
7.5% 223 294 5.7 +18 44 
120-135 3.6 +2.1 91 
135 
a 195-225 0.0 79 
270 
330 
375-405 33 289 2.2 0.0 96 
Ms 2.4 447 3.6 -1.2 83 
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Number § 


TABLE IJ]—ConT’p 


D. (6/10/54) 25 mg. Cortisone, 90 mg. Thyroid, and 0.5 mq. Stilbestrol Daily inte? 


| Posu H,0 Cor 
TIME (ML./ |(MOSM./|(MOSM./| (ML./ | (ML./ | (ML./ 
( MIN.) TREATMENT MIN.) | a L. ) MIN.) | MIN.) | MIN.) 


1.76 
-150 Cortisone 50 mg. p.o. 
0 20 mi. water/Kg. p.o.* 2.9+ +1.0 
75- 90 4. 
125 Nie. 0.5 mg. I.V. 
165-195 


Pit. 15 mu. LV. 


285-300 
306) 0.5 mg. LV. 
360-375 
437-471 3% saline 
540 ml. LV. 


. (5/28/55) 3 Days off Cortisone ; 90 mq. Thyroid, and 0.5 mq. Stilbestrol Daily 
181 
20 ml. water/Kg. p.o.” 1.0¢ 276 : 0.9 +0.04 
60 5.7 96 +3.8 
Nie. 0.5 mg. I.V. 
+6.0 
Nie. 1.0 mg. L.V. 
—(),2 
+2.6 
260-300 3% saline 630 ml. I.V. > 5. +1.6 
330 it. 15 mu. 
360-375 3.4 382 . 1.1 
405-495 Hydrocortisone 100 mg. 
I.V., 800 ml. water 
p-o. 


5 Nie. 1.0 mg. 
615-630 


mu, milliunits 

*Hydration maintained by administration of water orally or as 5 per cent dextrose in 
water intravenously at a rate equal to urine flow. Water administration was discontinued 
prior to saline infusion to decrease the fluid balance to approximately 10 ml./Ke. in order to 
minimize dilution of the hypertonic saline in the extracellular fluid compartment. 

*+Minimum morning urine flow following overnight dehydration. 

tMinimum urine flow during or after 3 per cent saline infusion. 

$Overnight urine (10 P.M. to 8 A.M.). 


observed with 0.5 mg. nicotine (Table IT, C). There was no antidiuretic re- 
sponse to hypertonic saline but a normal response to Pitressin was readily 
apparent suggesting that the renal tubular action of ADH had not been modi- 
fied by the associated solute diuresis."® 

Another study of neurohypophyseal function was performed one month 
after institution of cortisone therapy (Table II, D). Fifty milligrams of corti- 
sone were administered orally 150 minutes prior to hydration and urinary 
osmolarity decreased with this treatment despite continued dehydration. <A 
normal diuresis of solute-free water occurred with hydration and 0.5 mg. nico- 
tine administered on two separate occasions elicited essentially no antidiuretic 
response. There was no antidiuresis following hypertonic saline infusion but 
the effect of Pitressin was not altered by cortisone therapy. 
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86 > 
109 : 
87 
2 295 2.3 419 3.5 
ann 9.2 109 272 3.7 +5.5 87 
5.5 121 267 2.5 +3.0 75 
6.7% 122 289 2.8 +3.8 77 
35 
48 
71 
52 
56 
59 
67 
a7 10.3 84 274 3.1 +7.2 66 = 
oi 
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The patient was treated with 0.5 mg. stilbestrol, 90 to 120 mg. desiccated 

thyroid, and 25 to 50 mg. cortisone daily thereafter. Cortisone was withheld 

for a 3-day period in May, 1955, and another study of neurohypophyseal fune- 

rf tion was performed (Table II, E). Dilution of the urine with hydration was 
| as great as in the preceding study with cortisone, but the diuresis of solute- 
free water was moderately depressed. There was no antidiuretic response to 
0.5 mg. nicotine, but 1.0 mg. produced a substantial antidiuresis which was 


3.0- 


Cosm 
ml/min. 


CORTISONE: O=-None 
@=25mg 
A: 375mg 
@- 50 mg 


T 
20 
Vv 
mi/min. 


Fig. 1.—Effect of cortisone on urine flow, Coxm and Cr,o in Patient M. B. The rates per 
minute of urine flow (V) and osmolar clearance (Cosm) were calculated from specimens listed 
in Table L collected over 14- to 24-hour periods on ad libitum dietary and fluid intakes, The 
heavy isobar from the origin represents isosmotic urine excretion. The dashed line represents 
the mean osmolar U/P ratio for 3 specimens obtained prior to cortisone therapy; the light 
solid line represents the mean value for 7 specimens obtained on various doses of cortisone. 
The rate of solute-free water clearance (Cy.0) in ml./min. at various rates of Cosm is repre- 
sented by the horizontal distance of each point from the isosmotic line. Points to the right and 
left of the line represent positive and nezative Cu,o. respectivey. Moan values before cortisone 
were Coxsm 1.40 ml/min., Cujo + 0.16 ml./min., Ussm 265 mOsm./L., and osmolar U/P ratio 0.91. 
Mean values on cortisone therapy were 1.47 ml./min., + 0.82 ml./min., 189 mOsm./L., and 0.65, 


respectively. 
? not excessively prolonged. A moderate rise in urinary osmolarity followed 
z hypertonic saline infusion and a normal antidiuresis to Pitressin was evident 
: despite increased rates of solute excretion during this period. One hundred 
; milligrams of hydrocortisone hemisucecinate* given intravenously over a 90- 
minute period elevated Cy. to higher levels than occurred initially with hy- 
dration, but this increase was related to augmented excretion of solute rather 


*Supplied through the courtesy of Dr. C. J. O'Donovan, The Upjohn Company, Kalamazoo, 
Mich. 
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than to greater diuresis of solute-free water since urinary osmolarity was not 
further depressed. The antidiuretic effect of 1.0 mg. nicotine was less pro- 
nounced following administration of hydrocortisone. 

Measurement of the volume and osmolarity of urine specimens obtained 
periodically throughout this study on ad libitum dietary and fluid intakes 
(Table T) demonstrated slight decline in urine flow with the development of 
myxedema, but the lowest volumes and highest urinary osmolarities of the 
entire study were obtained during thyroid administration. The addition of 
cortisone to the therapeutic program resulted in increased urine flow and de- 
creased osmolarity. The effect of cortisone therapy on excretion of osmolar 
water (Com) and solute-free water is shown in Fig. 1. Although the number 
of observations were too few for definite conclusions, inereased exeretion of 
solute-free water was observed during cortisone therapy which exceeded that 
determined by the rates of solute exeretion.’’ These findings could be at- 
tributed either to inereased water intake or decreased solute-free water re- 
absorption by the distal tubules. 

Concentration tests performed periodically throughout this study by over- 
night dehydration for periods of 11 to 16 hours demonstrated maximal urinary 
osmolarities of 457 and 419 mOsm./L. when the patient was untreated, and 
447 mOsm./L. during stilbestrol and thyroid therapy. Two specimens col- 
lected during cortisone therapy 12 to 18 hours after the last dose of cortisone 
taken the preceding afternoon were recorded at 402 and 448 mOsm./I., re- 
spectively. However, 50 mg. cortisone administered in the morning following 
overnight dehydration decreased urinary osmolarity despite continued water 


deprivation (Table IT, D). On one oceasion, concentrating capacity was im- 


paired after prolonged cortisone therapy even though cortisone was withdrawn 
for a 3-day period (Table IT, FE). 

Cask 2.—M. V. (NEDH J66423),* a 31-year-old housewife with diabetes mellitus of 16 
years’ duration, went into labor during the thirtieth week of pregnaney and, on Oct. 3, 1955, 
delivered a viable infant which died shortly after birth. She subsequently developed per- 
sistent hypotension and severe hypoglycemia and failed to lactate post partum. 


Laboratory 
studies revealed serum Na of 132 and serum K of 4.0 mEq./L. 


, 24 hour 11%: uptake 26 
per cent, B.M.R, —-19 per cent, and urinary 17-OHCS and 17-KS of 2.2 mg. and 6.1 mg. per 
24 hours, respectively. 

The patient was treated intermittently over a 2-week period with adrenal steroids 
and ACTH gel. 
as during ACTH stimulation of the adrenal cortex and declined when steroids were with- 
drawn (Table TIT). Urine flow exceeded fluid intake on the first day of steroid admin- 
istration. Diabetes mellitus recurred but was controlled with insulin and glycosuria did 
not contribute to polyuria during steroid therapy. A test of neurohypophyseal function 
performed 54 hours after the last dose of ACTH (Table IV) demonstrated a moderate anti 
diuresis with administration of nicotine and hypertonic saline, and a slightly greater 
response to 25 mu. Pitressin, indicative of some neurohypophyseal activity. 


Polydipsia and polyuria became apparent with steroid therapy as well 


On Oct. 26, 1955, when the patient received 25 mg. cortisone by mouth twice daily, 
urinary osmolarity was 135 mOsm./L. in a specimen collected at 4 P.M. and, despite restric 
tion of fluids after 10 P.M., urine voided at 5 A.M. equaled only 89 mOsm./L. These low-urinary 

*We wish to express our appreciation to Dr. Robert Bradley, Joslin Clinic, Boston, Mass., 


for permission to study this patient and to include in this report the laboratory studies per- 
formed under his direction. 
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osmolarities indicated that a significant portion of the urinary volume was composed of 
solute-free water and that a marked solute diuresis was not responsible for the urine flow 
of 4.9 L. observed that day. These urinary osmolarities were much less than the value 
obtained prior to water administration two days earlier, when the patient was not receiv- 
ing steroid therapy (see Table IV). 


TABLE Errect oF ADRENAL STEROIDS ON URINE VOLUME IN Patient M, V. 


FLUID | URINE | | HYDRO- | ACTH 
ocT. | INTAKE | VOL. CORTISONE | CORTISONE | GEL | 17-oHcs 17-Ks 
1955 | | | (Lv.MG.) | (LM.MG.)| (M@.) (M@.) 
11 1.2* 1.4 2.2 6.1 
13 1.9 2.4 50 100 
14 3.8 3.1 25 
15 5.2 3.2 25 
16 3.4 3.6 25 
17 4.1 4.5 
18 2.8 3.0+ 0.0 
19 3.9 1.9 80 0.0 6.9 
20 4.5 2.8 80 13.8 13.8 
21 2.8 3.2 80 27.6 21.5 
22 4.2 6.6 40 11.0 14.3 
23 2.8 3.1 
24 4.5 3.6 100 
25 1.8 1.5 25 
26 2.7 4.9 50 


*Fluids administered I.V. on this day. Remaining values represent oral intakes 
+Four units aqueous Pitressin s.c. 
tTwo hundred and thirty milliequivalents NaCl L.V., 60 mu. Pitressin IV. 

TABLE IV. STupIES OF NEUROHYPOPHYSEAL FUNCTION IN PATIENT M. V. 


| V Uosmu Posu Cosu | Cer 
TIME (ML./ | (mOsm./| (mOsm./| (ML./ | (ML./ 
( MIN, ) TREATMENT MIN.) L.) Le) MIN.) MIN. } MIN.) 
0- 75 20 mi. water/Kg. p.o.* 
75- 90 2.3 165 271 1.4 +0.9 26 
105-120 4.3 167 2.6 +1.7 51 
120 Nic. 0.5 mg. LV. 
150-165 2.3 221 1.9 +0.4 46 
190-205 1.6 182 1.1 +0.5 32 
205-235 3% saline 
450 ml, LV. 2.0+ 256 284 1.8 +0.2 33 
300 Water 700 ml. p.o. 
330-345 2.3 207 283 ee +0.6 31 
360 Pit. 25 mu. I.V. 
300 ml. water p.o. 
390-405 2.3 271 275 2.2 +0.1 30 


The patient was allowed fluids ad libitum prior to this study. 

*Hydration maintained by administration of water orally or as 5 per cent dextrose in 
water intravenously at a rate equal to urine flow. Water administration was discontinued 
prior to saline infusion to decrease the fluid balance to approximately 10 ml./Keg. in order to 
minimize dilution of the hypertonic saline in the extracellular fluid compartment. 

tMinimum urine flow during or after 3 per cent saline infusion. 


DISCUSSION 
Post-partum pituitary necrosis is a common cause of anterior pituitary 
insufficiency in the female,’ but associated posterior lobe destruction and 
clinieal diabetes insipidus are extremely rare. Leaf and associates? suggested 
that the lack of polyuria in combined anterior and posterior pituitary insuf- 
ficiency may be due to a spontaneous reduetion in solute intake and excretion 


ad 
be 
be 
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rather than to loss of hormones specifically influencing water excretion. How- 
ever, these authors did not fully evaluate certain basie considerations which 
may have influenced proper interpretation of their data. Sinee diabetes in- 
sipidus was caused by eosinophilic granuloma which frequently invades the 
infundibular stalk and hypothalamus,'® complete destruction of hypothalamic 
centers for ADH production may have been anticipated, and the low urinary 
osmolarities observed in their patient suggested that such degeneration had 
occurred, In the absence of ADH, urinary total solute concentration should 
assume a minimal value determined principally by the rate of distal tubular 
reabsorption of solute at normal rates of urine flow, and diuretic properties of 
yarious hormones may not be demonstrable since the ability to increase water 
excretion independently of solute exeretion would require some capacity to 
further dilute the urine by decreasing the reabsorption of solute-free water. 
In addition, the patient received a relatively low salt intake throughout the 
study, so that increased aldosterone secretion may also have contributed to the 
low urinary osmolarity by increasing tubular reabsorption of sodium. 

The patients in this report excreted moderately concentrated urines in 
the absence of cortisone therapy suggesting some neurohypophyseal function 
sufficient to prevent marked polyuria; antidiuretic responses to relatively 
small doses of nicotine were demonstrable in both subjects. Adrenal steroids 
increased water excretion in both patients, and in one subject, solute-free 
water diuresis with hydration was improved and the profound antidiuretic 
response to nicotine was suppressed. These findings implied a possible rela- 
tionship between inhibitory effects of cortisone on ADH secretion and the im- 
provements in water exeretion observed. The fact that dilution of the urine 
and diuresis of solute-free water were accentuated, despite standard hydration 
and comparable depression of serum osmolarity in a patient in whom osmore- 
ceptor function was not demonstrable, suggested that cortisone had inhibited 
an antidiuretic mechanism in the hypothalamus not regulated by extracellular 
tonicity®’ which may have been responsible for the delayed diuresis. This 
hypothesis is corroborated by the demonstration that adrenal steroids inhibit 
the antidiuretic response to nicotine but not to hypertonic saline in normal 
subjects,*' as well as by the observation that cortisone decreased urinary con- 
centrating ability in this patient during fluid restriction when osmoreceptor 
activity is presumably accentuated. 

The depressed water diuresis and extreme sensitivity to nicotine which 
were evident when the patient developed myxedema were probably related to 
a more advanced state of adrenocortical insufficiency rather than to the level 
of thyroid activity, since therapy with desiccated thyroid did not reverse these 
abnormalities and may have actually accentuated them. 

The failure of urinary osmolarity to increase upon withdrawal of corti- 
sone in May, 1955, and the fairly normal water diuresis apparent despite with- 
drawal of cortisone therapy, were difficult to interpret, but may have been due 
to alterations in hypothalamic mechanisms for ADH production, or spon- 
taneous or induced changes in renal function. The decrease in solute excre- 
tion noted during this period and the greater tolerance to nicotine suggested 


~. 
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that increased secretion of aldosterone may have been responsible for these 
findings, and there is some evidence that aldosterone may have hydrocorti- 
sone-like effeets on water metabolism.*? Since water administration resulted 
in maximal dilution of the urine in this study, a water-diuretic effect of hydro- 
cortisone may not have been anticipated, but an inhibitory effect of this hor- 
mone on nicotine-induced ADH release was clearly demonstrable. 

These studies suggest that the oliguria and delayed water diuresis of an- 
terior pituitary insufficiency may be determined, at least in part, by persistent 
seeretion of ADH from the neurohypophysis. Damage to or surgical removal** 
of both anterior and posterior lobes of the pituitary gland results in a variable 
degree of polyuria probably determined in part by the adequacy of secretion 
of ADH from hypothalamie portions of the neurohypophysis on the one hand, 
and the level of adrenal cortical secretion on the other. One mechanism by 
which adrenal steroids increase water excretion in combined pituitary insuf- 
ficiency may be through inhibitory effects of these hormones on secretion of 
ADH from the hypothalamus. 

Although this study had dealt primarily with the endocrine control of 
water exeretion in man, consideration must also be given to the dominant role 
of the kidney in determining the ultimate composition of the urine. Some 
studies have shown that slightly hypertonic urines may be formed in the ab- 
sence of antidiuretic hormone when glomerular filtration rate is profoundly 
depressed** 75>; however, others®® have been unable to demonstrate this phe- 
nomenon. 

Although creatinine clearances were moderately depressed in both pa- 
tients in this report, it is unlikely that glomerular filtration rate was suf- 
ficiently lowered to account for the decrease in polyuria and moderate con- 
centration of the urine on this basis. The normal water diuresis noted with 
cortisone therapy (Table II, D) was probably not due to alterations in glo- 
merular funetion since thyroid therapy alone (Table II, () did not improve 
water diuresis even though creatinine clearance was elevated to comparable 
levels, and there is a large body of evidence indicating that the diuretic effect 
of cortical hormones is predominantly at the distal tubular site for water re- 
absorption.** 

Moderate hypotonicity of the urine during mannitol diuresis has been 
demonstrated in patients with diabetes insipidus simultaneously receiving 
small doses of Pitressin.*° Although this study implies that absence of anti- 
diuresis to hypertonie saline in one patient in this report, as well as in two 
other patients deseribed elsewhere,’ may have been due to increased excretion 
of solute masking the effect of released ADH, the fact that antidiuresis also 
was not apparent in one study in which solute diuresis did not occur (Table 


II, D), and that the effects of small doses of Pitressin were not altered despite 


increased exeretion of solute in two other instances, suggests that factors other 

than those inherent in the kidney may have influenced these results. 
Although these findings make tenable the hypothesis that adrenal steroids 

influence water exeretion by altering neurohypophyseal secretory activity, 
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proof of this theory must await more detailed investigation of the influence of 
the endocrine system on renal function and water excretion in man. 


SUMMARY AND CONCLUSIONS 


The relationship of anterior pituitary function to polyuria was evaluated 
in two patients with post-partum pituitary necrosis (Sheehan’s syndrome) and 
combined anterior and posterior pituitary insufficiency who provided evidence 
for residual secretion of ADH with appropriate neurohypophyseal stimulation. 
These studies permit the tentative conclusion that amelioration of polyuria in 
combined pituitary insufficiency may be due, in some instances, to persistent 
secretion of ADH from viable hypothalamic neurosecretory tissue. At least 
one anterior pituitary factor responsible for the disturbed water metabolism 
of posterior pituitary insufficiency appears to be an intact pituitary-adreno- 
cortical axis. The hypothesis is made that hydrocortisone-like adrenal steroids 
may produce polyuria and promote solute-free water diuresis by inhibiting an 
antidiuretic mechanism for ADH release not regulated by extracellular to- 
nicity located in the hypothalamic portion of the neurohypophysis. 
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THE EFFECT OF CORTISONE AND HYDROCORTISONE 
ON HEPATIC EXCRETORY FUNCTION 
JAMES A. Cuirronx, M.D.,* Franz J. INGLEFINGER, M.D., AND 
BELTON A. Burrows, M.D. 
Boston, Mass. 


NTEREST in a possible choleretic action of adrenal glucocorticoids has been 

stimulated by clinical observations that the jaundice of hepatitis often de- 
creases rapidly following the administration of adrenocorticotrophie hormone 
or cortisone." Patterson, Dingman, Shwachman, and Thorn‘ studied this prob- 
lem directly and coneluded that cortisone possesses cholerectie and hydrocholere- 
tie properties. Since the evidence presented in these studies did not appear to be 
entirely conclusive, we have investigated the effect of cortisone and hydrocorti- 
sone on several different aspects of hepatobiliary function. 

Effect of Cortisone on Bromsulphalein Clearance.— 

Method: In 10 healthy volunteers plasma clearance of Bromsulphalein (Cgsp) was 
measured before and after the oral administration of 50 mg. of cortisone 4 times a day for 
3 days. The last dose of cortisone was taken 2 hours before the test; otherwise, the subject 
was fasting for 6 hours. Cgsp was determined by methods described previously5 except a 
calibrated pump was used to infuse the dye. Plasma BSP determinations were done in 
duplicate using the Coleman Junior spectrophotometer.* 

Results: In 8 subjects, Cysp decreased following cortisone, in one it re- 
mained unchanged, and in one clearance increased 96 ml./minute (Table I). 
The group mean control Cysp was 535 ml./min./1.73 M.2 and that after cortisone 
was 450 ml./min./1.73 M.*, a decrease of 15.9 per cent. Statistical evaluation of 
these paired data revealed that the change is significant (t = 2.82; p = 0.02). 
In the test performed immediately after the period of cortisone administration, 
rising plasma levels of BSP oceurred in 3 subjects. No such progressive in- 
crease in plasma dye level was encountered in any control observation. In sub- 
ject J. A., a second control study 2 weeks after cortisone had been discontinued 
also showed constant plasma levels of BSP (Fig. 1). 


Effect of Cortisone on Hepatic Uptake of I'*'-Labeled Rose Bengal.— 


Methods: In 8 healthy volunteers, hepatic uptake of rose bengal labeled with 1131+ was 


determined by the method of Taplin and associates.7 A collimated sodium iodide crystal 
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scintillation counter was placed over the upper edge of the liver in order to minimize the 
effect, of radiation from dye collecting in the gall bladder, Indelible ink skin marks were 
used to place the counter in the same position on successive determinations. The counting 
head was connected through a ratemeter to an Esterline-Angus graphic recorder. Tracer 
doses of 1%1-labeled rose bengal (5 we) containing 1 mg. or less of rose bengal was given 
intravenously and continuous recording was done for 1% to 2 hours thereafter. Two con- 
trol studies were done at 3- to 5-day intervals after which 50 mg. of cortisone was given 4 
times a day for 3 days, and hepatic uptake of labeled rose bengal was measured again ap- 
proximately 2 hours after the last dose. 


PLASMA 
CLEARANCE 
BSP mi/min. 


60 
TIME IN MINUTES 
CONTROL 1. R=275' 
CONTROL |. R=271' 
POST-CORTISONE LR =2.80' 
‘Infusion Rate BSP mg/min./m*® 
Fig. 1—Plasma clearance BSP following cortisone Patient J. A. Rising plasma levels 


of BSP and decreasing Crse (x+++x) following 3 days of oral cortisone. Control studies 
before (¢@ ®) and 2 weeks after cortisone (°——-°) reveal constant plasma levels. 


Results: In 3 subjects the tests were technically unsatisfactory. In 4 
subjects the maximum values of counts per minute after cortisone were less 
than the means of the maximum values before cortisone. In one the maxima 
were similar. In Fig. 2, the group means of the control and the postcortisone 
observations are plotted against time. 


In 7 of the subjects, plasma disappearance rates were calculated according 
to the method of Ingelfinger and associates.* After injection of the dye, blood 
samples were drawn at 4, 6, 8, 10, and 12 minutes from the opposite arm and 
placed in oxalate bottles. Samples obtained after 12 minutes did not have 
enough radiation to insure accurate counting. Following centrifugation, 2 


ml. of plasma was pipetted into small test tubes and placed in a scintillation 
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CONTROL 


POST-CORTISONE 
200 mg/d for 3 days 


so 60 70 80 90 
TIME IN MINUTES 


Fig. 2.—Counts over the liver following the injection of I-labeled rose bengal. Hepatic 
uptake-excretion curves of I" '-labeled rose bengal before (x ---x) and after (@—— @®) oral 
cortisone. Each point on the line represents the mean counts per minute of the 5 subjects. 


MEAN OF ALL PATIENTS #—————+ 


Fig. 3.—The mean values before and after IV hydrocortisone of volume output, bilirubin 
concentration, and bilirubin output in bile obtained from 6 patients with T tubes in the common 
ducts and from 4 cholecystectomized patients by duodenal drainage. The heavy black line 
represents the mean for all 10 patients. 
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well counter. The percentage disappearance rates calculated for each patient 
before and after cortisone were almost identical (Table If). The mean of the 
control observations for the group was 8.2 per cent and that after cortisone 
was 8.1 per cent. 


TABLE II. PLASMA DISAPPEARANCE Rate or 1!%1-LABELED Rose BENGAL 


CONTROL (PER CONTROL (PER MEAN CONTROL POSTCORTISON E” 

SUBJECT CENT/ MIN, ) CENT/ MIN, ) (PERK CENT/MIN.) (PER CENT/ MIN.) 

7.2 

D. 

L. 

N. 

Cc. M. 

Mean 


*Two hundred milligrams daily for 3 days. 


Gris 


Ge 


Effect of Intravenous Hydrocortisone on Excretion of Bile and Bilirubin.— 


Methods: Intravenous hydrocortisone was given to 6 patients who had T tubes in the 
common bile ducts and were recovering from uncomplicated cholecystectomy for cholelithiasis. 
They were not tested for at least 7 days after cholecystectomy since maximal T tube flow 
is not established until then. All were afebrile and had fasted for 8 hours. With the 
patients supine, bile was collected from the T tubes in consecutive 15-minute periods by 
gravity drainage. After a control period of 1144 hours, 75 mg. of hydrocortisone hemisue- 
7 


5 mg. dissolved in 300 ml. 


cinate sodium* was given in one injection intravenously, and 
normal saline was infused at a constant rate over a 3-hour period. Volume output, bilirubin 
concentration, and total bilirubin output were measured, 

Bilirubin determinations were done according to the oxidation method of Malloy and 
Evelyn,!® using hydrogen peroxide as the oxidant. In order to obtain reproducible results 
we found it necessary to control temperature as well as time; therefore, the reaction was 
allowed to proceed for one hour in a water bath at 30° C. Samples were read in duplicate 
at 660 mp in a Coleman Junior spectrophotometer. 

In 4 patients who had had cholecystectomy several months previously and were without 
evidence of hepatobiliary disease bile was collected by duodenal drainage. The tip of a 
double lumen tube was placed in the distal duodenum under fluoroscopic control so that 
gastric and duodenal contents could be colleeted separately. Continuous aspiration was 
carried out with a suction pump at minus 90 mm. Hg. Pateney of both lumens was checked 
every 15 minutes, and the position of the tube was verified periodically with the fluoroscope, 
Except for the method of bile collection, the experimental procedures were identical to 
those used in measuring T tube output. 


Results: The average values for volume output, bilirubin concentration, 
and bilirubin output did not change appreciably after hydrocortisone (Fig. 3). 


The mean volume output of bile for the entire group before hydrocortisone 
was 6.8 ml./15 minutes and after hydrocortisone was 7.1 ml./15 minutes. The re- 
spective means for bilirubin concentration were 43.8 and 44.2 mg./100 ml.; and 
3.0 mg. and 3.1 mg./15 minutes for total bilirubin output. Four patients had 
gradually increasing concentrations of bilirubin after hydrocortisone, 2 had 


gradually decreasing levels, and 4 evidenced no change. In a like manner, 2 


patients had increased volume of bile after hydrocortisone, 4 a decreasing 


*Solu-Cortef ; The Upjohn Company, Kalamazoo, Mich. 
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volume, and in 4 the output was unchanged. In only 2 patients did the factors 
of volume and concentration vary in the same direction, and in these both 
decreased. 


DISCUSSION 


Hepatic excretory activity is considered to have 3 major components: the 


removal of substances from blood, storage in the liver for a variable period, and 


excretion in bile. These same components presumably participate in the ex- 
cretion of exogenous substances, e.g., certain dyes, as well as endogenous ma- 
terial, e.g., bilirubin and water. Our results do not suggest that these com- 
ponents of hepatic exeretory activity are accelerated by the oral administration 
of cortisone or the intravenous administration of hydrocortisone in the doses em- 
ployed. 

The clearance of Bromsulphalein and the percentage disappearance rate of 
I'*'-labeled rose bengal from the plasma were not increased following cortisone. 
Indeed, there was some evidence that Cysp is diminished after the administra- 
tion of this steroid. The finding of Meyers and Taylor™ that Cysp is unaffeeted 
by the prior administration of a single oral dose of 200 mg. of cortisone also 
indicates that cortisone does not affect this component of hepatic excretory 
activity. 

The counts obtained over the liver during the uptake, storage, and ex- 
cretion of rose bengal I'*' represent the algebraic sum of these processes. Re- 
peat determinations on the same patient are valid only if the counting tech- 
nique is absolutely unchanged. Since this is difficult to accomplish a precise 
physiologie interpretation of the uptake-execretion curves must be done with 
caution. Gross changes in the uptake-excretion curves did not occur following 
cortisone administration. The lower mean maximum value of counts found af- 
ter cortisone is subject to several possible explanations, one being that a more 
rapid excretion of rose bengal prevented accumulation of the dye in the liver. 
This possibility, however, is not supported by the slopes of the final portion of 
the curves. The trends of these slopes, when inspected with due regard to the 
maximum value achieved, are grossly similar. To the extent therefore that the 
inclination of these slopes is determined by the hepatic excretion of the dye, 
no evidence of increased excretory activity after cortisone is adduced. 

Total bilirubin output, bilirubin concentration, and volume output of bile 
were unaffected by intravenous hydrocortisone in patients with T tubes in the 
common ducts as well as in other cholecystectomized patients from whom sam- 
ples were colleeted by duodenal drainage. Collection by these means is subject 
to error since a variable amount of the bile or duodenal content may escape 
aspiration. In general, however, losses of this type have been shown to be 
very small.® 

The findings we have reported are at variance with those of Patterson 
and associatest but several factors in their experimental design may account 
for the difference. (1) The gall bladder was present in 6 of 7 patients studied by 
these authors; in the presence of this viseus with its independent capacity to 
store, concentrate, and evacuate bile, accurate assessment of hepatic bile output 
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would appear impossible. (2) A single lumen tube was used to collect duodenal 
specimens. Volumetric measurement of pure duodenal content is itself of 


limited value for the purpose of measuring bile output because of the presence 


of pancreatic and intestinal juices, but the use of a single lumen tube permits 
additional contamination by exceedingly variable quantities of gastrie juice. 
(3) Bilirubin determinations were done by the diazo method of Malloy and 
Evelyn.’? This method is not well suited for the estimation of bilirubin in 
hile because the diazo reagent does not couple with biliverdin.’* Upon exposure 
to light and air, bilirubin in bile is rapidly oxidized to biliverdin and falsely 
low values for bilirubin excretion may be obtained with the diazo method. 
Methods for measuring hepatic secretory activity in man are not ideal, 
and our techniques are subject also to uncontrollable influences, i.e., the role 
of extrahepatic sites in determining Cpysp, or incomplete collection of biliary 
output by T tube drainage. The uniformly negative results obtained by the 
several different approaches to hepatie excretory function would, however, 
tend to support their validity and justify the suggestion that cortisone or hydro- 
cortisone does not induce choleresis or hydrocholeresis under normal conditions. 


SUMMARY AND CONCLUSIONS 


1. Oral cortisone did not accelerate the plasma clearance of Bromosulpha- 
lein or the percentage disappearance rate of I'*'-labeled rose bengal from the 
plasma. 

2. The hepatie uptake-exeretion curves of rose bengal I'*' did not change 
to suggest increased hepatic exeretion after oral cortisone. 

3. Intravenous hydrocortisone did not alter the volume, the bilirubin con- 
centration, or total bilirubin output within a period of 3 hours. 

4. No evidence for a choleretie or hydrocholeretic action of cortisone or 
hydrocortisone was found. 


ADDENDUM 


In a recent publication (New England J. Med. 257: 62, 1957) Shay and Sun also 
report that they are unable to demonstrate any increased output of bilirubin following 
the intravenous administration of 100 mg. of hydrocortisone. Ten patients with T tubes 
in the common bile ducts were studied. 
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ANTI-INFLAMMATORY ACTIVITY OF COMPOUNDS OBTAINED FROM 
EGG YOLK, PEANUT OIL, AND SOYBEAN LECITHIN 
OswaLp H. GANLEY, PH.D., Orro E. Graressie, Pu.D., anp 

Harry J. Ropinson, M.D., Pu.D. 
Rauway, N. J. 


With THE TECHNICAL ASSISTANCE OF JOHN R. Ryan 


HE presence of an antiallergic factor in peanut oil, soybean lecithin, and 

egg yolk has been reported by Long’:* and by Coburn and associates.” ® 
Long and Martin’ found that peanut oil significantly depressed the sensitivity 
of BCG (bacille Calmette Guérin) infected guinea pigs to tubereulin. Frae- 
tionation of peanut oil produced material which in doses of 6 x 10° Gm./Kg. 
of body weight reduced sensitivity to tuberculin, while 5 mg./Kg. of body weight 
of cortisone was required to effect a similar reduction.’ 


Coburn, believing that the conditioning factors of rheumatie fever are a 
combination of nutrition and heredity, studied the nutritional aspects of the 


disease.*»> In these studies an inverse relation between intake of eggs and 


rheumatie fever was found.’ This finding prompted him and his associates to 
investigate the role of eggs and extracts of egg in rheumatie fever both elini- 
‘ally and in the laboratory. They devised an anaphylaxis assay performed in 
the joints of guinea pigs and reported a decrease in swelling after feeding of 
an alcohol soluble extract of egg yolk. Clinical studies, using the same extract, 
also showed some reduction of rheumatie recrudescences in children.* 

The above findings, particularly the very low concentrations of peanut oil 
extract needed to reduce tuberculin sensitivity, prompted us to investigate this 
problem further. The anti-inflammatory activity of various fractions of peanut 
oil, soybean lecithin, and egg volk was studied using a variety of anti-inflamma- 
tory assays. 

MATERIALS AND METHODS 

Crude samples of egg yolk, soybean lecithin, and peanut oil as well as a number of 
partially purified and pure crystalline compounds derived therefrom were supplied by Drs. 
Kuehl and Jacob.6* 

Guinea Pig Joint Anaphylaris Assay.—Albino guinea pigs of both sexes weighing be- 
tween 250 to 350 grams were used. Approximately 4,000 guinea pigs were used in this study. 
In individual experiments the weight of the animals did not vary more than 50 grams. 
The animals were kept in an air-conditioned room, 8 to 10 per cage, and were allowed free 


From The Merck Institute for Therapeutic Research, Rahway, N. J. 
Received for publication Oct. 17, 1957. 
*We are indebted to Dr. F. A. Kuehl, Jr., and Dr. T. Jacob, Merck Sharp & Dohme 


tesearch Laboratories (Division of Merck & Company, Inc.), Rahway, N. J., for supplying us 
with all the compounds used in these studies. 
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Swelling of joints in guinea pigs was produced by a local joint anaphylaxis reaction. 
Both hind knee joints were injected with 0.05 ml. of anti-egg albumin serum. About 15 


gg albumin and 


minutes later the right joint was injected with 0.05 ml. of 0.05 per cent ¢ 


the left joint with 0.05 ml. of normal saline to act as a control. At predetermined time 


intervals the diameter of each joint was measured with a vernier caliper. The degree of 
swelling was expressed as the difference in diameter (in millimeters) between right and 
left leg. 

Control experiments were run to determine the difference in diameter of normal right 
and left hind leg joints of guinea pigs. In normal joints or 


joints injected with saline 
or 


egg albumin without sensitization, no significant difference between right 


and left leg 
existed (statistical sign test). 


The average degree of swelling in sensitized pigs was about 
1.3 mm. at 3 to 5 hours and about 0.9 mm. 20 hours after antigen injection. No difference 
in swelling was seen whether the right or left leg received the specifie antigen. Although 
considerable variation was seen from animal to animal the assay was found satisfactory 
when 8 to 10 pigs per group were used. Therefore, in our standardized test the minimum 


number of animals per group was 8. Compounds were considered active if more than 50 


per cent of the animals showed a 30 per cent or more reduction in swelling. This simple 


biologic interpretation was checked several times by statistical tests7,§* and the results 
coincided at all times. 
All drugs were suspended in Merck Aqueous Vehicle No. 14 


and administered by 
intraperitoneal injection except when otherwise noted. A 


normal control group receiving 
the ‘‘carrier’’ was run with each experiment. At first animals were pretreated for 2 to 
days before the assay was carried out; however, it was found that treatment 3 to 6 hours 
before inflammation was just as efficient and the latter treatment sehedule was then adapted 
for the standard test. 


Pellet Assay.—The cotton pellet test emploved was a modification of that deseribed by 


Meier and associates® and utilizes cotton pellets impregnated with a nonvirulent culture of 


Vicrococeus pyogenes var. aureus. The presence of the organism stimulated the inflammatory 
response and increased the sensitivity of the assay. A minimum of 6 rats was used at each 


dose level. The test compounds were administered both orally and subcutaneously. 


Treat 
ment was initiated 1 to 20 days before the cotton pellets were implanted and then continued 
until the assay was completed. 

Evans Blue Assay.—The action of these compounds on early stages of inflammation, 
as reflected by altered capillary permeability, was measured by the Evans blue technique. 
Tn these studies, 2 mm. thick cotton dental pellets (Johnson & Jolinson No. 1) were implanted 
under the skin of rats, and sterile Evans blue (4 mg./Kg.) was injected intravenously im 


mediately thereafter. Animals were sacrificed 3 and 6 hours later and the site surrounding 


the implanted cotton pellet was examined for the absence or presence of dye. Both the 
diameter of the stained area and intensity of the dye were taken into account. Here again 
rats were pretreated with the test compounds from 1 to 28 days. 


RESULTS 
Guinea Pig Assay.—Using the guinea pig joint assay method, a large num- 
ber of crude samples of soybean lecithin, egg yolk, and peanut oil were assayed 
and found to be active in a dose range of 60 mg./Kg. to 0.3 ne/Kg. By frae- 
tionation of these crude materials N (2-hydroxyethy])-palmitamide was obtained 
which was active in minute amounts.® Typical examples of the results obtained 


*We are indebted to Dr. J. Ciminera, Merck Sharp & Dohme Research Laboratories, 
West Point, Pa., for performing the statistical tests. 


+Composition : sodium chloride (reagent) 0.009 Gm.: benzyl alcohol (reagent) 6.009 


Gm.;: sodium carboxymethyleellulose 0.005 Gm.; Tween 80 0.004 Gm.; sufficient pyrogen- 
free water to make 1,000 c.c. 


F 
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ANTI-INFLAMMATORY ACTIVITY OF VARIOUS COMPOUNDS 
with the active principle are presented in Tables I and II. Similar anti-inflam- 
matory effects were obtained with a purified concentrate from peanut oil re- 
ported to be active by Dr. D. A. Long.* It is interesting to note that large 
doses of these active materials produced no greater anti-inflammatory action 
than the small doses. 


TABLE I, Some Typical Resutts CRYSTALLINE FRACTIONS FroM SOYBEAN LECITHIN, 
PEANUT O1L, AND EaG YOLK IN THE GUINEA JOINT ANAPHYLAXIS ASSAY* 


“DOSE NUMBER MEAN DEGREFR SIGNIFICANCE PER CENT DE 
SAMPLE (G/ KG. ) ANIMALS SWELLING (MM.) CREASE 


Soybean Control 0.81 
lecithin 0.003 0.90 
0.03 0.77 
0.3 0.47 
3.0 0.49 
30.0 0.37 < 0.05 
Egg yolk Control 0.86 — 
0.3 0.61 >0.05 
3.0 0.29 < 0.05 
30.0 0.15 < 0.05 
Peanut oil Control 0.65 ee 
0.3 0.46 >0.05 
3.0 0.29 < 0.05 
*Approximately 1,000 pigs were used in this type of assay. 
+Not active. 


TABLE IJ. ANTI-INFLAMMATORY EFrEecT OF VARIOUS SYNTHETIC COMPOUNDS IN GUINEA PIG 
JOINT ANAPHYLAXIS ASSAY (A REPRESENTATIVE STUDY ) 


DOSE | | MEAN DEGREE OF | PER CENT 
QUANTITY IN NG. | SWELLING IN MM. | SIGNIFI- | DECREASE 
uG/ KG. ANIMALS 20 HR. LATER CANCE P| AT 20 HR. 


COMPOUND 


Controls = 8 0.83 


Ethanolamine 0.03 
hydro- 0.3 
chloride 3.0 

30 
3,000 


>0.05 
>0.05 
< 0.05 
0.05 
< 0.05 


N (2-hydroxy- 0.03 
ethyl) - 0.30 
palmitamide 3.00 

30 
300 
3,000 


>0.05 
< 0.05 
< 0.05 
< 0.05 
< 0.05 
< 0.05 


Control 


Choline 0.30 
chloride 3.00 
30 
300 


*A total of 250 guinea pigs were used in this study. 
tInactive. 


N(2-hydroxyethy])-palmitamide was synthesized® and on assay proved to 
be as active as the crystalline compounds obtained from the above-named crude 
samples. On splitting the N(2-hydroxyethyl)-palmitamide it was found that 


*Thanks are due to Dr. D. A. Long, National Institute for Medical Research, London, 
England, for supplying this sample. 


5t 
4] 
39 
54 
294 
66 
82 
20) 
55 
0.66 20+ 
0.71 14t 
0.21 74 
0.50 
0.31 62 
0.60 27+ j 
0.43 4s 
0.53 36 
0.16 
0.50 39 
0.40 51 
0.73 >0.05 25+ 
0.49 < 0.05 45 
0.49 < 0.05 45 
0.37 — 0.05 58 
a 
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the ethanolamine HCl moiety was active at 3 »g/Kg. concentration, while pal- 
mitie acid was inactive (Table Il). These experiments were repeated 4 times 
using a total of 250 guinea pigs. Due to variations inherent in this assay it 
was not possible to show clearly a difference in activity between the palmitamide 
and the ethanolamine. On a molecular weight basis, the palmitamide is prob- 
ably 2.5 times more active than the ethanolamine. 


Anti-inflammatory Activity of Related Substances.—After the active frac- 
tion from soybean lecithin, peanut oil, and egg yolk was identified, various other 
related compounds were tested for activity (Table III). As seen in Table III 
the reduced members of the “choline cycle’? were active while the oxidized 
compounds were inactive. Choline chloride was found to be active at 3 pg/K 


o pe Ke. 


TABLE III. COMPARISON OF CHEMICAL StrUCTURE With Biologic ACTIVITY 


Ethanolamine NH,CH,CH,OH Active 

Glycine NH,CH,COOH Inactive 
Serine CH.OHCTI( NH,) COOH Inactive 
Sarcosin CH,NH CH,COOH Inactive 


+ 


Betaine (CH,),N CH,COOH Inactive 


Choline (CH,),N CH,OH 


Active 


2-Dimethylaminoethanol (CH,),.NCH,CH,OH Active 
Monomethylaminoethanol CH,NHCH,CH.OH Active 
+-Aminopropanol NH,CH,CH.CH,OH Inactive 
]-Amino-2-propanol CH,NH.CHOH CH, Inactive 


Pellet Assay—\|n contrast to the foregoing findings, no evidence of anti- 
inflammatory activity was found when this assay was employed. In these 
studies the compounds were given orally and parenterally in doses ranging from 
0.1 pg to 10 pg/rat. Treatment was started as early as 20 days prior to implant- 
ing the pellets and continued until the assay was completed. N(2-hydroxy- 
ethyl)-palmitamide was also inactive when administered in the diet at a con- 
centration of 1.33 per cent (approximately 200 mg./rat/day) for 8 days before 
the anti-inflammatory test was initiated. Similarly, it was not possible to 
demonstrate activity when the phospholipid fraction from egg yolk was fed in 
the diet at concentrations of 2, 5, and 10 per cent for 21 days, or when ethanola- 
mine was administered subcutaneously at 1 mg./rat for 5 days. Studies with 
the concentrate from peanut oil, also, showed it to be inactive when administered 
subcutaneously over a wide range of concentrations. 

Evans Blue Assay.—The subcutaneous administration of N(2-hydroxy- 
ethyl)-palmitamide, ethanolamine, the concentrate from peanut oil, and the oral 
administration of the palmitamide and the phospholipid fraction from egg yolk 
failed to influence early stages of inflammation as evaluated by the Evans blue 
procedure. Attempts to demonstrate a local effect upon capillary permeability 
to Evans blue were also negative when either N(2-hydroxyethy])-palmitamide 
or ethanolamine were applied to the cotton pellets before they were implanted in 
the subeutaneous tissue. In these experiments concentrations of 50, 100, 400, 
and 1,000 »g of the palmitamide and 400 pg of ethanolamine were employed. 


| 
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DISCUSSION 


Various fractions of soybean lecithin and peanut oil were tested for anti- 
inflammatory activity in the above bioassays. It shortly became apparent that 
the active fraction of the natural products had anti-inflammatory activity at low 
concentrations in the guinea pig. On erystallization of this substance activity 
was seen at 0.3 pg./Kg. This activity was maximal and no greater decrease 
in swelling was seen with larger dosage. Similar findings have been reported 
by Long and Martin in their studies with peanut oil. 

The substance, which was found to be the active factor in peanut oil and 
soybean lecithin, was identified as N(2-hydroxyethyl)-palmitamide.* It is 
possible that other active factors are also present in peanut oil and soybean 
lecithin. Similarly, N(2-hydroxyethy])-palmitamide was isolated from an alco- 
hol soluble fraction of egg yolk.° Such an alcohol soluble fraction of egg yolk 
was found to be active by Coburn and his associates in their clinical studies, 
showing the prevention of recrudescence of rheumatie fever in underprivileged 
children in spite of recurrent attacks of hemolytic streptococcal infection." 
Although Coburn shows a correlation between activity in the guinea pig assay 
and clinical efficacy, it is not certain that N(2-hydroxyethy])-palmitamide is 
the factor responsible for prevention of recurrence of rheumatic fever. Clinical 
studies with N(2-hydroxyethyl)-palmitamide remain to be done in order to 
clarify this point. 

N (2-hydroxyethyl)-palmitamide was synthesized and found to be active 
at 0.3 wg/Kg. On further degradation, the ethanolamine hydrochloride frag- 
ment was found to be active while palmitie acid was inactive. These results led 
to a search for compounds similar to ethanolamine to correlate chemical struc- 
ture with biologie activity. As seen from Table HI this anti-inflammatory 
activity has a high degree of specificity. pG-1-Amino-2-propanol and 1-amino- 
3-propanol were inactive. Furthermore, oxidized compounds, although having 
an amino group on 2 position such as glycine, serine, sarcosine, and betaine, 
were inactive.” Acetylation of the amino or hydroxyl group of ethanolamine 
apparently did not change the pharmacologie activity of ethanolamine since 
O-acetylethanolamine hydrochloride, N(2-hydroxyethyl)-lauramide, N(2-hy- 
droxyethyl)-acetamide, and N(2-hydroxyethy])-salicylamide were active. 

Since ethanolamine is converted to choline’? in the animal body the inter- 
mediates of this eyele, monomethylethanolamine and dimethylethanolamine, were 
assayed for anti-inflammatory activity. Both compounds were active. The 
significance of the interrelationship between choline and ethanolamine in this 
biologie phenomenon is difficult to assess and calls for further study. 

Except for some preliminary positive findings in the rat formalin assay 
none of these anti-inflammatory agents were active either in the cotton pellet 
test (granuloma test) or Evans blue dye test. It should be kept in mind that 
although all of these assays measure anti-inflammatory activity, the cause of 
the inflammation and the stage of the inflammatory reaction is different in each 
assay procedure. 


*Dr. D. A. Long has confirmed our work by showing that N(2-hydroxyethy]) -palmitamide 
depressed the sensitivity of BCG infected guinea pigs to tuberculin.” 
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Preliminary studies on mechanism of action of N (2-hydroxyethy]) -palmita- 
mide indicate that neither the adrenals nor the hypophysis mediate the ob- 
served anti-inflammatory activity. 


SUMMARY 


The anti-inflammatory activity of various fractions of peanut oil, soybean 
lecithin, and egg yolk was studied in a modification of Coburn’s guinea pig 
joint anaphylaxis assay. Crystalline fractions were active at 0.3 pg/Kg., and 
were identified in all 3 eases as N (2-hydroxyethy])-palmitamide. 


The synthetic compound was as active as the natural crystalline product. 
On degradation of this compound ethanolamine was found to be active at 3 
pwg/Kg. while palmitic acid was inactive. Attempts to substitute various group- 
ings of ethanolamine showed that pharmacologic activity is associated with a 
high degree of chemical specificity. 

These compounds were inactive, however, in the pellet and capillary 
permeability (Evans blue) tests. 
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A LABORATORY AND CLINICAL EVALUATION OF THE 
KOLFF COIL KIDNEY 
Rosert Meyer, M.D.,* A. Strarron, M.D.,** B. Rees, M.D.,*** 
WARREN R. M.D.,**** anp JoHN P. Merritt, M.D.***** 
Boston, Mass. 


HE first report of extracorporeal hemodialysis appeared in 1913.! Sinee 

then, many types of ‘‘artificial kidney’’ have been described, but few are 
used extensively.2 Kolff* recently described a coil kidney which aroused our 
interest because of its disposability, compact size, and ease of assemblage. The 
purported ability to ultrafilter 250 to 300 ml. of water per hour would be use- 
ful in patients with excess body water at the time of dialysis. 


This report is a laboratory and clinical evaluation of the Kolff coil kidney 
based on dialysaneet* across the artificial kidney, on measurements of the 
degree of red blood cell destruction, and on quantitative aspects of ultrafiltra- 
tion. Both in vivo and in vitro studies were performed, 


METHODS 


Details of the Kolff coil kidney are described elsewhere. In essence the apparatus 
consists of two parallel envelopes of cellulose tubing 10 M. in length coiled around a can 
11 cm. in diameter and separated by screens of polyvinyl chloride coated Fiberglas. Inas- 
much as there are two cellulose blood compartments, there are necessarily two blood inflow 
and outflow tubes, The coil} is placed in a larger open-top can with a garden hose con- 
nection at the bottom for entry of the bath fluid. The arterial blood is forced through the 
Kolff coil kidney under pressure by a Sigmamotor pump and is returned to the venous 
cannula after passing through a bubble-clot catcher. The bath fluid is pumped from a 
100 L. tank into the unit via the hose connection, between the coils, and overflows back 
into the tank. This apparatus appears diagrammatically in Fig. 1. 


This study was supported in part by grants from the Medical Research and Development 
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Service: and the American Heart Association. 
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A-R 

A-U 
a = arterial blood flow into artificial kidney in milliliters per minute. 
A = arterial or artificial kidney inflow blood concentration of a substance. 
R = venous or artificial kidney outflow blood concentration of a substance. 
U = bath fluid concentration of a substance. 

¢Kindly supplied by the Baxter Laboratories, Inc., Morton Grove, IIl. 
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The in vitro studies consisted of the dialysance of urea at various blood and bath 
flow rates in order to evaluate the flow rates for each that would yield the maximal dialysance 
of urea. Water, saline, and blood, each with added urea, were used to perfuse the coil. 
When the maximum dialysance of urea was found by varying the “blood” flow rate with a 
constant bath flow rate, the “blood” flow rate was then kept constant and the flow rate of 
the bath fluid varied. These results are described below. 


vein 


ARTERY 


BLOOD PuMP 


| 


1OOL. TANK 


RINSING FLUID 
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Schematic diagram of the Kolff coil unit. (From Kolff and Watschinger: J. LAB. & 
CLIN, MED. 47: 973, 1956.) 


The in vivo studies were performed on both dogs and patients, the latter with 
terminal renal failure. Since it is well established that small animals such as dogs do not 
tolerate dialysis well because of profound hypotension requiring vasopressor drugs,® 
norarterenol (Levophed) was employed in the dog experiments to maintain blood pressure. 
The exact mechanism for the hypotension is poorly understood and may be related to 
minor blood group incompatibilities.? Ultrafiltration is generally measured on the basis of 
change in weight before and after dialysis, but with small animals this was considered 
unreliable. Other parameters used to assess fluid shift such as hematocrit, osmolarity, and 
plasma protein concentration are intluenced by factors related to dialysis per se and have 
a high standard error. Small shifts of plasma water, however, may be detected by 
measuring simultaneously the specific activity of the 1151 albumin in the inflow and outflow 
plasma of the Kolff coil kidney. This method has a standard error of less than 2 per cent! 
in our experiments. I!%t was assaved with a sodium iodide scintillation counter, pulse 
analyzer, and gamma ray spectrometer.* Urea and uric acid dialysances were performed 
simultaneously. Urea was measured by the method of Archibald,5 and urie acid by the 
method of Praetorius.» Plasma hemoglobin was measured by the cyanmethemoglobin 
method using the Coleman Junior spectrophotometer. 


*Manufactured by the Atomic Instrument Company, Cambridge, Mass. 
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RESULTS 

In Vitro Studies.—To determine the maximum dialysanee of urea of the 
Kolff coil kidney as a function of optimal blood flow rate, a water-urea solu- 
tion was dialyzed against a urea-free water bath. The flow rate of the urea 
solution was varied and the bath flow rate maintained constant at 4 L. per 
minute. Fourteen observations with duplicate determinations of the dialy- 
sance of urea were carried out at 7 blood flow rates varying from 50 to 450 
ml. per minute. The maximum dialysance of urea was observed to be 90 ml. per 
minute with an extraction ratio of 45 per cent at a blood flow rate of 200 ml. per 
minute. This compared poorly with similar studies on the Kolff-Brigham 
rotating kidney where the results were twice those obtained on the Kolff coil 
kidney."* Subsequent data revealed that a bath flow rate of 4 L. per minute was 
not optimal. 


DIALYSANCE 
of UREA 
(ec woter smin) 


35 65 


BATH FLOW RATE (L/min) 
Fig. 2.—Effect of bath flow rate on dialysances of urea. An aqueous solution of urea 


at a concentration of 100 mg. per cent was perfused through the coil unit at a flow rate of 
200 mil. per minute. 


The optimal bath flow rate was determined similarly by varying the bath 
flow rate and maintaining the urea solution flow rate constant in a single 
experiment at 5 flow rates. Fig. 2 shows that there is a direct relationship 
between the dialysance of urea and bath flow rate such that the dialysance 
increases as the bath flow rate increases. The curve begins to plateau at 6 L. 
per minute although the dialysance shows some increase up to 13.2 L. per 
minute, the maximum flow rate of the pump. 


It was possible that the dialysance of urea in an aqueous solution might 
differ from that in whole blood since clogging of pores with protein or the 
adherence to the cellophane of white cells and platelets’ might progressively 
interfere with dialysis. Therefore, in a single experiment heparinized whole 
banked blood with added urea was dialyzed against a urea-free bath having 
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Fig. 3.—In vivo effect of blood flow rate on dialysance of urea and extraction ratio 
This data obtained from 7 human dialyses indicates that dialysance of urea in- 
The extraction ratio of urea concomitantly falls although the quantity of urea 
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a composition simulating extracellular fluid. The same unit was used to 
dialyze a saline solution with added urea both before and after the blood was 
dialyzed. Dialysances of the urea solution were identical before and after 
dialysis of the whole blood, suggesting that there was no alteration in the 
permeability of the cellophane. 


In Vivo Studies.—The first dialysis of a dog resulted in marked hemolysis 
with plasma hemoglobin levels greater than 1 Gm. per cent. This we attributed 
to mechanical trauma by the Sigmamotor pump. It was noted, however, that 
all hemolysis was in the heparinized donor blood, i.e., blood used to prime the 
coil kidney. Since dog erythrocytes are more fragile than human erythrocytes,* 
hemolysis was minimized by aseptically exsanguinating a donor animal by 
the femoral artery and collecting the blood in acid citrate dextrose (A.C.D.) 
plastic bags of the type employed in our blood bank. Levophed was admin- 
istered to the donor dog as blood pressure began to fall, 90 per cent of the 
animal’s theoretical blood volume could be obtained in this way. Dog blood 
colleeted and stored at 5° C. in A.C.D. media as described above had preserva- 
tion characteristics comparable to human blood under similar conditions.* 
Some hemolysis was noted after dialysis employing this dog blood, but plasma 
hemoglobin levels never exceeded 40 to 50 mg. per cent. 

Eight anesthetized dogs weighing 10 to 25 kilograms were selected for 
initial studies in order to develop our technique in preparation for human 
use. Urea solution was given by stomach tube to provide initial blood urea 
nitrogens of 80 to 125 mg. per cent. Ten observations in the 8 animals studied 
revealed a mean dialysance of urea of 90.2 ml. per minute with a standard devia- 
tion of 9.3 ml. per minute. 

Seven dialyses were performed on 5 human patients. Five dialyses were 
undertaken in 3 critically ill uremic patients with chronic renal failure second- 
ary to polycystic disease and 2 others on patients with chronie glomerulone- 
phritis. None of the reported complications of hemodialysis* were observed such 
as pyrogen reactions, hemorrhage, clotting in the apparatus, hemolysis, in- 
fection, and a rise in blood pressure during these 7 procedures. The only 
untoward event was a reversible cardiac arrhythmia, a phenomenon not un- 
common during effective hemodialysis... The data obtained from the human 
dialyses is summarized in Figs. 3, 4, and 5. 

Ultrafiltration was evaluated in 2 patients by the intravenous administra- 
tion of albumin tagged with 5 pe of I. The specific activity of the plasma 
from the inflow and outflow tracts of the Kolff coil kidney was assayed, and 
the amount of water extracted was caleulated from this figure and the blood 
flow rate. 

Each of the 14 duplicate determinations carried out demonstrated a higher 
concentration of I’*' on the outflow side of the Kolff coil kidney. The change 
in body weight roughly paralleled the caleulated water loss. Ultrafiltration 
was 200 to 500 ml. per hour. This variation is related to the hydrostatie pres- 
sure within the coil, the blood flow rate, and the peripheral resistance in the 
outflow tract. The osmolarity of blood leaving the Kolff coil kidney was, in 
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each instance, at least 25 mOsm./L. higher than the bath osmolarity. The in- 
herent resistance of blood flow through the coil results in a hydrostatic pres- 
sure of approximately 300 mm. Hg at a blood flow of 200 ml. per minute; this 
overcomes the osmotic pressure gradient and accounts for the observations 


cited above. When the resistance is increased on the outflow side of the Kolff 


coil kidney a further increase in hydrostatic pressure will ensue, resulting in 
even greater ultrafiltration. 
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Fig. 5.—In vivo effect of blood flow rate on dialysance of uric acid and extraction ratio 
of uric acid Data plotted from twelve determinations during the dialysis of a uremic 
patient with an initial serum uric acid of 27.8 mg. per cent. 


Fifteen plasma hemoglobin determinations were performed during the 
initial 4 human dialyses. At no time did the plasma hemoglobin exceed 13 
mg. per cent above the predialysis level. The average dialysance of urie acid 
(ig. 5) was 75 ml. per minute at a blood flow of 200 ml. per minute and bath 
flow of 


13.2 L. per minute. The relative dialysance of urie acid to urea was 
0.48 and does not differ significantly from the figure 0.45 cited by Wolf* em- 
ploying the Kolff-Brigham rotating kidney. This ratio is consistent with the 
relative molecular weights of urie acid and urea and effective diffusion diame- 
ters. Eight hours of dialysis resulted in a fall of serum urie acid from 27.8 
ing. per cent to 8.8 mg. per cent in the one patient so studied. 


DISCUSSION 
The dialysance of urea is widely used as a comparative index of efficiency 
of artificial kidneys. Our urea determinations were done both on whole blood 
and on plasma. Although plasma urea nitrogen determinations are more re- 
producible, either method is acceptable since urea is freely diffusible and rapid 
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equilibrium occurs between the red cell and plasma. The amount of blood or 
plasma ‘‘eleared’’ is related to the diffusion gradient across the membrane, 
the rate of blood flow, the concentration of urea in the plasma, and the bath 
flow rate. Figs. 2 and 3 demonstrate that the dialysance of urea increases with 
an inerease in both bath flow rate and blood flow rate. This rise begins to 
plateau at a blood flow of 200 ml. per minute, a finding which agrees with the 
data of Kolff® and which is comparable to the Kolff-Brigham rotating kidney." 
At a blood flow of 200 ml. per minute, the mean dialysance of urea is 110 ml. 
per minute at a bath flow of 6 to 8 L. per minute. This figure compares favor- 
ably with the mean dialysance of urea of 130 ml. per minute obtained with the 
Kolff-Brigham rotating kidney under comparable clinical conditions. The 
differences in urea dialysanees may be attributed to a difference in cellophane 
surface area of approximately 15 per cent between the two types of instru- 
ments. This fact is somewhat surprising in view of the fact that turbulent 
flow which favors increased dialysanee should be markedly inereased by the 
mechanies of the rotating kidney. Maximum dialysance, however, with either 
instrument might be achieved by maintaining a blood flow well in excess of 
the flows employed during these experiments. However, increased flow in- 
creases the volume of blood contained within the apparatus* and entails some 
risk of producing hypotension in the patient. The phenomenon of hypotension 
in the dog during dialysis is probably related in part to the fact that the disten- 
sible cellophane will accommodate more blood during the progress of a dialysis 
particularly at higher flow rates. 

In our experiments optimum dialyses on the Kolff coil kidney averaged 
approximately 110 ml. per minute or significantly less than 140 ml. per minute 
quoted by Kolff.*** As in other types of artificial kidneys extraction ratios 
are inversely related to flow rate although the total amount of urea removed 
is directly related to flow; as is true for other instruments there is a linear 
inerease of dialysance (Fig. 4) which occurs as a function of increasing con- 
centrations of blood urea nitrogen. 


Urie acid dialysanees are rarely measured and infrequently used as a 


determinant of artificial kidney efficiency. A comparison of Fig. 3 and 5 indi- 
cates, however, a similarity in the slope of dialysanees between urea and urie¢ 
acid, 

The ability to remove water from the blood by ultrafiltration is an asset 
of the coil kidney not shared by the rotating model. In the former, blood is 
pumped through the cellophane coils under a pressure of 180 to 300 mm. Hg. 
This hydrostatie gradient results in the ultrafiltration of 200 to 500 ml. of 
water per hour. The ability to remove water may be a decided advantage 
during the dialysis of the overhydrated uremie patient. 

In spite of mechanical trauma to red blood cells hemolysis was not elini- 
cally significant. 

The Kolff coil kidney including all the connecting tubing is supplied 
sterile and can be quickly assembled. The coils themselves are disposable units 
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obviating the need for special personnel to clean and reassemble them follow- 
ing each dialysis. The initial cost of the total unit including tank and pumps 
is relatively low when compared to the Kolff-Brigham model. Partly offsetting 
this advantage, however, is the expense of the disposable units each of which 
“an be only used onee. Furthermore a disadvantage peculiar to this model is 
the fact that a leak in the cellophane necessitates the discarding of the entire 
cellophane unit along with the contained blood. 

The Kolff coil kidney has the same major disadvantages of the rotating 
model; namely, it is not portable, it is not financially self-supporting, and it 
requires highly skilled professional personnel in an institution whose labora- 
tory, medieal, surgical, and nursing facilities are adequate for the routine 
and emergency demands that arise. As in any other type of efficient hemo- 
dialyzer profound changes in the composition of extracellular fluid may be 
effected and its use demands of the operator more than a passing knowledge of 
the physiology of body fluids and the consequences of marked derangements 
therein. Therefore, in spite of its efficaey and convenience, this apparatus, 
as are others of its type, is safe and effective only in relation to the skill and 
experience of its operator. 


SUMMARY 


AND CONCLUSIONS 


1. In vitro dialysances of urea solutions indicate that the Kolff coil kidney 
per unit area of cellophane employed compares favorably with other types of 
artificial kidneys. 


2. The Kolff coil kidney has the additional advantages of low initial ex- 


pense, disposability of parts requiring sterilization, and the ability to remove 
water by ultrafiltration. 

4. Mechanically it is a safe and efficient apparatus for elinieal hemodialy- 
sis but depends as do instruments of other design upon the skill and experi- 
ence of its operators for effective and safe elinieal hemodialysis. 


We gratefully acknowledge the technical assistance of Dr. T. J. MeManus, and the 
laboratory staff of Dr. J. G. Gibson II, Department of Medicine, Harvard Medical Sehool, 
for the determination of plasma uric acid and plasma I'%! albumin activity. 
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THE EFFECT OF PREDNISOLONE ON CIRCULATING ANTIBODY 
FORMATION IN ANIMALS IMMUNIZED WITIL HUMAN 
PLATELET ANTIGEN 
G. LAND, M.D., Epwarp R. M.D.,* 
AUSTIN S. WEISBERGER, M.D. 

CLEVELAND, OHIO 


HE adrenal cortical hormones have been shown to inhibit antibody response 

to certain antigens.’ The influence of ACTH and cortisone on antibody 
formation has been variable and appears to be dependent upon the nature of 
the antigenie stimulus, the animal employed, the method of immunization, and 
the amount of these two hormones administered. Cireulating antibodies or 
agglutinins to platelets have been deseribed in certain thrombocytopenic 
states.7"° It is conceivable, therefore, that the beneficial effect of cortisone, 
when it does occur, may be related to a suppression of the level of circulating 
antibodies to platelets. The difficulty in detecting antibodies to platelets in 
human sera is well recognized. It is generally accepted that the present tech- 
niques of studying the immune characteristics of platelets lack consistency 
and specificity. Hence, a more sensitive and specific method for determining 
the presence of antibodies to platelets is desirable. 

A method for demonstrating antibodies utilizing bis-diazo-benzidine to 
conjugate antigen to erythrocytes has been deseribed by Stavitsky and 
Arquilla..'| These investigators demonstrated that this hemagglutination 
method was sensitive and specific for the detection of insulin antibodies.’* ' 


Accordingly, the present investigation was undertakey to determine whether 
this technique would be applicable to the study of the immune characteristics 
of platelets. It was found that rabbit antiserum to platelets could be detected 
by this method. Furthermore, prednisolone (A'-hydrocortisone) was ob- 
served to inhibit the formation of circulating antibodies to human platelets 
in the rabbit. 


METHODS AND MATERIALS 


Antigen Preparations.—Human platelet antigen was prepared from 6 individuals with 
normal platelets, morphologically and functionally, in so far as blood coagulation and clot 
retraction studies were concerned. Two hundred and fifty milliliters of blood was obtained 
from each individual, using 5 per cent sequestrene as anticoagulant. Siliconized glassware 
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part by the Frederick Sands Memorial Fund and the Cuyahoga Chapter of the American Can- 
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and coated needles were used for the collection and separation of the platelets. 
platelets were separated by differential centrifugation and washed 3 times with normal 
saline. Platelets so collected always contained small numbers of erythrocytes. The packed 
platelets were then frozen and stored at —20° C. until used. The platelets obtained 
from each individual were thawed and 5 ml. of normal saline was added. This 
suspension was homogenized in a ground glass tissue grinder and pooled with similarly 
treated platelets from other individuals. An aliquot of pooled platelet homogenate was 
incorporated into an equal volume of adjuvant (falba 1 part, mineral oil 2 parts). 

In order to avoid nonspecific agglutination, the platelet antigen employed in sensitizing 
erythrocytes for the hemagglutination test was prepared as follows. Pooled platelet homo 
geneate was diluted with an equal volume of normal saline and centrifuged at 4,000 r.p.m. for 
30 minutes, The supernatant was removed and was adjusted so that 1.0 ml. contained approxi 
mately 1.5 to 2.0 mg. of protein, as determined by micro-Keldjahl analysis. This was stored 
at -20° C. and constituted the soluble protein fraction for conjugation to the erythrocyte. 

Solutions.—Bis-diazo-benzidine (BDB) was prepared according to the method of Kabat 
and Mayer!4 and stored at -60° C, 

The diluent was 1:100 normal rabbit serum (NRS) in veronal buffered saline at pH 
7.45.14 The NRS was inactivated at 56° C. for 30 minutes and absorbed with an equal 
volume of human AB+ and O+ erythrocytes at 37° C. for 30 minutes. 

Prednisolone* was prepared by adding the appropriate volume of sterile saline to the 
dry powder so that the final concentration was 1.5 mg. of prednisolone per millilter. This 
solution was prepared daily. 


Erythrocyte Preparation——The AB+ and O+ cells used for absorption were obtained from 
the blood bank and washed at least 3 times with normal saline. The O negative cells to which 
the platelet antigen was conjugated were collected in sterile Alsever’s solution’ and stored 
at 3 to 4° C. Cells were not used for hemagglutination which had been stored for more than 
2 weeks. 

The O negative erythrocytes were sensitized with the soluble platelet protein fraction 
hy the method described by Stavitsky and Arquilla.11 It was necessary to determine the 
optimal ratio of BDB to the soluble platelet antigen for the sensitization of the erythrocytes. 
The ratio was 1.6 to 2.0 mg. of platelet protein to 0.5 ml. of 1:15 dilution of BDB. Centrifuga- 
tion of the soluble platelet antigen at 60,000 g in an ultracentrifuge for 30 minutes did not 
alter the ratio. 


Immunization—Eight white rabbits weighing 2.5 to 3.0 kilograms were immunized by 
injecting 1.0 ml. of the platelet antigen-adjuvant mixture subcutaneously in 8 different sites 
along the back. Control samples of blood were obtained from each animal prior to injection. 

The effect of prednisolone on antibody formation was studied as follows. Four rabbits 
served as controls and the remaining 4 rabbits were treated with 3.0 mg. of prednisolone 
daily by subeutaneous injection in 2 divided doses for 6 weeks. At the end of the fifth week 
all animals received a booster dose of the pooled platelet antigen containing 5.0 mg. of protein. 
A second booster was given at the end of the seventh week. This enabled observations to be 
made on whether the level of circulating antibodies would rise during the week that prednisolone 
was discontinued, Except for the first week, blood was obtained at weekly intervals. All of 
the collected sera were inactived at 56° C., absorbed with an equal volume of washed packed 
human AB+ and O+ cells and stored at -20° C. until tested. Each animal received a total dose 
of 100 mg. of protein antigen as determined by micro-Keldjahl analysis. The serum anti- 
platelet titer of the rabbits receiving prednisolone was compared with the untreated control 
animals. 


Detection of platelet antibodies by hemagglutination.—Two series of doubling dilutions 
of each test antiserum ranging from 1:5 to 1:2,500 were prepared in 10 by 75 mm. test tubes 
with 1:100 NRS in veronal buffered saline as the diluent in a final volume of 0.5 ml. To one 
series of doubling dilutions 20 wg of soluble platelet antigen protein was added in 0.1 ml. To 


*Supplied by The Upjohn Company, Kalamazoo, Mich. 
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the second series, 0.1 ml. of diluent was added. After mixing, 0.05 ml. of a 2 per cent sus 
pension of sensitized erythrocytes was added to each tube making a final volume of 0.65 ml. 
per tube. Controls, consisting of unsensitized erythrocytes in 1:5 dilution of antiserum and 
sensitized erythrocytes in 1:5 dilution of normal rabbit serum, were run in duplicate at all 
times. Tubes were shaken and allowed to stand for 3 to 4 hours. Agglutination was readily 
determined by the pattern of erythrocytes at the bottom of the tube. The criteria for the 
presence of antibodies to platelets in any given serum were established as follows: 
1. The agglutination by the serum of erythrocytes conjugated with soluble platelet 
antigen. 
2. The inhibition of this agglutination when the serum was mixed with the soluble platelet 
antigen prior to the addition of the sensitized erythrocytes. 


3. The absence of agglutination when the serum was mixed with nonsensitized cells. 


The absence of spontaneous agglutination of the sensitized erythrocytes when sus 
pended in diluent of normal rabbit serum. 


The titer of the antiserum was designated as the highest dilution in which there 
definite evidence of agglutination. 


Specificity.—The rabbit antiplatelet serum was found to have a high degree of specificity 
for the agglutination of erythrocytes sensitized with a soluble platelet protein. Cross reaction 
between rabbit antileukocytie serum and erythrocytes conjugated with platelet protein was 
not observed. Conversely, rabbit antiplatelet serum did not cause agglutination of erythro 
cytes sensitized with a soluble protein fraction obtained from human leukocytes. Furthermore, 
the leukocytic protein fraction did not inhibit the hemagglutination reaction when mixed with 
the antiplatelet serum prior to the addition of erythrocytes sensitized with the platelet protein 
fraction. Similarly, other proteins, including fibrinogen, albumin, and normal human sera, 
failed to neutralize the rabbit antiplatelet antiserum. A potent Coombs’ serum did not 
agglutinate sensitized cells nor inhibit the hemagglutination reaction, 

It appeared that the rabbit antiplatelet serum does not react to any demonstrable 
degree with soluble leukocytic fraction or substances present in normal serum. It also ap 
pears that the soluble platelet antigen is immunologically distinct from the leukocyte or serum 
fractions employed. (Table I.) 


TABLE I. Spectriciry HEMAGGLUTINATION REACTION 


SERUM TITER 
SENSITIZED ERYTHROCYTES 


WITH PLATELET WITH LEUKOCYTE 
RABBIT SERA ANTIGEN ANTIGEN 
Antiplatelet sera 1:1280 0 
Antileukoeyte sera 0 1:640 
Antiglobulin sera 0 0 
Other antisera 
Anti A, B, D, M, and N 0 0 
TABLE II. RESPONSE DURING IMMUNIZATION 
TITER 
ANIMAL TREATMENT 4 WEEKS 5 WEEKS 
1 None 1:20 1:40 
2 None 1:40 1:80 
3 None 1:40 1:160 
} None 1:40 1:80 
5 Prednisolone* 0 1:5 
6 Prednisolone* 0 0 
7 Prednisolone* 0 0 
Prednisolone* 0 


*Prednisolone 3.0 mg. daily given subcutaneously. 
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RESULTS 

In the 4 control animals, the antiserum titer rose gradually and at the end 
of 5 weeks following the initial injection of antigen the titer ranged from 
1:40 to 1:160 (Table Il). In contrast to this, the animals treated with 
prednisolone did not develop any detectable antibodies by the fourth week, 
and after 5 weeks, only 2 animals had a measurable titer of 1:5. 
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Fig. 1.—The influence of prednisolone on the anamnestic response to human platelet 

antigen. This figure demonstrates the marked depression of circulating antibodies in a rab- 


bit treated with 30 mg. of prednisolone daily. A subsequent booster dose of antigen produces 
a characteristic anamnestic response. 


When a booster injection was administered the control animals showed a 
characteristic anamnestic response. Seven days following the booster injection 
the antiplatelet titer of the controls was 1:160 to 1-640, whereas the antiplatelet 
titer of the prednisolone-treated animals was only 1:40 to 1:80 7 days following 
an identical booster injection (Table III). Prednisolone was then discontinued 
and the antibody titers determined after one week. At this time there was no 
demonstrable rise in the level of antibodies of soluble platelet antigen in either 
group of animals. 
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A second booster injection was administered 14 days after the initial booster. 
Seven days later the control animals showed little change in cireulating antibody 
with the exception of one animal whose titer rose from 1:320 to 1:1,280. In 


contrast to this, all but one of the previously treated animals responded with 
a definite increase in antibody titers ranging from 1:80 to 1:320 (Table II). 


TABLE IIT. 


ANAMNESTIC RESPONSE 


| SERUM TITER 


7 DAYS AFTER | 14 DAYS AFTER* 7 DAYS AFTERt 
ANIMAL TREATMENT FIRST BOOSTER FIRST BOOSTER SECOND BOOSTER 
l None 1:320, 1:320 1:320 
2 None 1:160 1:320 1:320 
3 None 1:32 1:320 1:1,280 
4 None 1:640 1:640 1:640 
5 Prednisolone 
3.0 mg. daily 1:40 1:80 1:320 
6 Prednisolone 
3.0 mg. daily 1:80 1:40 1:80 
7 Prednisolone 
3.0 mg. daily 1:40 1:40 1:40 
8 Prednisolone 
3.0 mg. daily 1:40 1:20 1:160 


*No prednisolone for 7 days. 
TNo prednisolone for 14 days. Interval between first and second booster, 14 days. 


In addition, when massive doses of prednisolone, 30 mg. daily, were adminis- 
tered there was almost complete inhibition of the formation of detectable anti- 
body to soluble platelet antigen. However, when the drug was discontinued 
the anamnestic response did not seem to be impaired, in spite of previous 
massive amounts of prednisolone (Fig. 1). 


DISCUSSION 


The results of detecting platelet agglutinins using the whole platelet method 
described by Harrington™ and Stefanini’® has been difficult to repeat in other 
laboratories. One of the disadvantages of this method has been the oceurrence of 
spontaneous clumping of platelets due to the inherent stickiness of the platelet’s 
surface. Therefore, the detection of platelet agglutinins in test sera has been 
difficult to appraise objectively. Kissmeyer-Nielsen’? demonstrated rabbit anti- 
hodies against human platelets by hemagglutination of antigen coated erythro- 
cytes previously treated with tannie acid. This method proved to be more sensi- 
tive than the direct platelet technique, but when human sera was tested for the 
presence of platelet antibodies, some normal sera gave positive results. A com- 
plement fixation method for the detection of antibodies in rabbits against guinea 
pig platelets has been deseribed by de Nicola and co-workers.'® However, com- 
plement fixation was not obtained when the sera of patients with idiopathic 
thrombocytopenic purpura were tested against normal human platelet antigen. 
The failure to find platelet agglutinins in some eases of thrombocytopenic 
purpura may be due to lack of an immune mechanism or to an excess of circulat- 
ing platelet antigen with subsequent neutralization of circulating antibody. In 
fact, it is surprising that any agglutinins ean be demonstrated in the presence of 
circulating platelets. 
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The method of hemagglutination used in this investigation for the detection 
of rabbit antibodies to human platelets is consistent and reproducible. The 
antigen conjugated to the erythroeyte obviously contained many components, 
but was immunologically distinet from leukocyte extracts, normal serum, and 
the A, B, D, M, and N blood group substances. 

It appears that this method has a degree of specificity which was not demon- 
strated by the previously described techniques of other investigators. Therefore, 
the hemagglutination of erythrocytes sensitized with soluble platelet protein by 
his-diazo-benzidine as an indicator for platelet antibodies may have useful clinical 
application. In addition the inhibition of hemagglutination by platelet antigen 
may be useful for the detection of circulating platelet protein in thrombo- 
cytopenie subjects. One can speculate that the measurement of circulating 
soluble platelet protein in idiopathic thrombocytopenic purpura and normals may 
reflect the relative rates of platelet destruction. It is possible that such a de- 
termination may have useful prognostic value in determining the course of the 
disease. On the other hand, the soluble platelet protein employed in these experi- 
ments, may have no relationship to the disease state in humans. 

The observation that in vitro prednisolone does not inhibit the agglutination 
of erythroeytes sensitized with soluble platelet protein by rabbit antiplatelet 
serum raises the possibility that it may not inhibit the antibody from combining 
with platelets in the intact animal. It has been observed that massive doses of 
prednisolone elicits a rise in circulating platelets in certain thrombocytopenic 
states when ordinary doses have been ineffective." The mechanism of this 
response is unknown. However, it is possible that the massive doses of 
prednisolone suppress the formation of autoantibodies to platelets. The results 
observed in the rabbit support this hypothesis. Thus prednisolone inhibited the 
formation of cireulating antibodies to human platelets in rabbits. However, a 
sensitized state was produced in spite of continued administration of prednisolone. 
This is also consistent with the clinical observation that thromboeytopenia 
recurs when prednisolone is discontinued in patients who previously responded 
to massive doses. 

SUMMARY 


Detection of human platelet antibodies in the rabbit by the hemageglutina- 
tion of erythrocytes conjugated with a soluble platelet protein in the presence 
of bis-diazo-benzidine is described. The soluble platelet fraction employed as 
the antigen appeared to be immunologically distinet from leukoeyte extracts, 
serum components, and blood group substances. 


Prednisolone inhibits the formation of circulating antibodies to human 
platelets in the rabbit, but does not prevent the production of a sensitized state 
in the rabbit against human platelet antigen. Massive doses of prednisolone 
do not permanently alter the rabbit’s capacity to react to subsequent booster 
injections of antigen. 
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INHIBITION OF POLYMORPHONUCLEAR PHAGOCYTOSIS 
BY ANTIBODIES AGAINST WHITE BLOOD CELLS 


Roser? Resnick, M.D., EpMuUND KLEIN, M.D. 
Boston, Mass. 


HE ability of specifie opsonins to stimulate phagocytosis has been recog- 

nized for many years.’’* The possibility that an immunologie mechanism 
directed against the phagocyte may alter its function has been suggested by 
more recent investigations. Hickie* demonstrated a decrease of phagocytic 
capacity of normal leukocytes when treated with the serum of a patient with 
chronie agranulocytosis. Dausset, Nenna, and Brecy* reported that the ex- 
posure of normal leukocytes to serum obtained from some cases of leukopenia 
produced leukoagglutination. The remaining free leukocytes appeared to 
exhibit a greater phagocytic capacity than did the clumped cells. Delaunay, 
Pages, and Maurin® prepared an antiguinea pig leukocyte serum, which ap- 
peared to depress the normal attractions of guinea pig leukocytes to starch 
granules. Merchant and Chamberlain® ineubated filtrates from cultures of 
gram-positive cocci, their respective guinea pig antisera and normal guinea 
pig leukocytes. On subsequent reineubation of this system with heat-killed 
Bacillus anthracis, phagocytosis was inhibited. 

In view of the above findings, which suggest a relationship between im- 
munologie factors and inhibition of leukocyte activity, the purpose of the 
present study is to observe, by in vitro methods, the phagocytic behavior of 
human polymorphonuclear leukocytes in the presence of antibodies against 
leukocytes. 

METHODS AND MATERIALS 

Procedure for Obtaining Antihuman Leukocyte Rabbit Serum.*—Thirty milliliters of 
blood was aspirated from a normal donor, under sterile conditions, into a 50 mal. syringe con 
taining 0.9 ml. of 5 per cent solution of ethylenediaminetetraacetic acid and 4.5 ml. of 6 per 
cent solution of dextran (fraction with intrinsic viscosity 0.40). The technique of Klein, 
Eridani, Djerassi, and Resnicks was employed for the separation of leukocytes from whole 
blood. 


All glass and metal surfaces in contact with white blood cells were rendered nonwettable 


by treatment with Silicone,t and Arquad,} respectively.? 


From The Children’s Cancer Research Foundation and the Division of Laboratories and 
Research of The Children’s Medical Center, Boston, Mass. 

Supported by a grant from “Aid for Cancer Research” and The Children’s Cancer Re- 
search Foundation, and by Grant No. CY3335 of the U. S. Public Health Service, National 
Institutes of Health. 

Received for publication Oct. 23, 1957 

*In the present study, the terms “serum” or “antiserum” have been employed to desig- 

the respective plasma in view of current immunologic terminology. 

+General Electric Co., Silicone No. 9977. 

tArmour & Company, Chicago, Ill. No. 75, Lot 701. 
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After sedimentation of the red blood cells in the syringe, the supernatant plasma-white 
hlood cell suspension was centrifuged at 650 g for 10 minutes. The leukocyte sediment in 
each centrifuge tube was resuspended in 5 ml. of sterile buffer (consisting of 10 ml. of a 
stock buffer* and 0 ml. of distilled water). The pH was adjusted to 7.5 with a 4 per cent 
NaHCo,. 

The suspension of leukocytes in buffer was centrifuged at 650 g for 7 minutes. Wash- 
ing was continued until 10 drops of a 30 per cent solution of trichloroacetic acid failed to 
produce turbidity in the supernatant; usually 5 washings were required for this purpose. 
The washed leukocyte sediment was resuspended in buffer. 

Phase contrast observations (magnification 970) indicated morphologic integrity of 
the white blood cells. The leukocyte suspension contained, on the average, 70 to 80 per cent 
granulocytes, 15 to 25 per cent lymphocytes, and 5 to 10 per cent monocytes. The total white 
blood cell count ranged from 6 to 15 million leukocytes per milliliter. By aseptic technique, 
1 ml. of leukocyte suspension per injection was given intraperitoneally to each rabbit for a 
series of & biweekly injections. An interval of several months was allowed to elapse before 
a booster dose of 1 ml. of suspension containing 150 million W.B.C. per milliliter was ad 
ministered, One week following the administration of the booster dose, the animal was 
exsanguinated by intracardiae puncture. 

The blood was rendered incoagulable by the addition of EDTA (0.6 ml. of a 5 per 
cent solution of disodium sequestrene per 10 ml. of blood). The serum was separated by 
centrifugation and stored at —15° C. Serum from nonimmunized rabbits was similarly treated 
to serve as control, 

Procedure for Testing the Effect of Antihuman Leukocyte Serum on Phagocytosis. 
This procedure is a modification of the method of Minor and Burnett.% 


Materials. 


1, Leukocytes: Leukocyte suspensions were prepared’ from 10 ml. samples of blood 
obtained from presumably normal individuals, 

2. Suspension of starch granules: Thirty milligrams of starch granules (Amaranthus 
cruentis)+ were suspended in 1 ml. of buffer. For use as phagocytic substrate, the suspen 
sion was diluted fifty fold with buffer. The diluted suspension was used for 24 hours only. 

3. Magnesium acetate: A 0.03 M solution in buffer was employed to increase phagocytic 
activity. 

4. Serum: Antileukoeytie serum, normal rabbit serum (described above), and normal 
human serum, respectively. 

5. Stock buffer: This was diluted tenfold as above. 

Silicone-treated 3 ml. test tubes were used as incubation vessels. The incubation mix- 
tures were prepared as followst: to 0.1 ml. of serum (antileukocyte rabbit, normal rabbit, 
and normal human, respectively) were added 0.2 ml, of stareh substrate, 0.1 ml. leukocyte 
suspension, and 0.05 ml, of 0.083 M magnesium acetate solution. The white blood cell suspen 
sion was added last. 

These mixtures were incubated at 37° C. for 20 minutes. A sample of the mixture was 
then examined under phase contrast (magnification x970). Phagocytic activity was estimated 
by determining the number of cells per 100 neutrophils which contained one or more starch 
granules, 


RESULTS 


The phagoeytie activity of the neutrophils of 19 normal donors was studied. 
The data are shown in Table I.t It is apparent that phagocytosis of stareh 


*The stock buffer contained 1.2 Gm. NazsHPO, 2 H20, 1.2 Gm. KH2POs., 75 Gm. Nac, 
and & Gm. KCl per 1,000 e.c. of distilled water. 

*Gratefully received from Dr. L. Burnett, Department of Experimental Cytology, Lenox 
Hill Hospital, New York, N. Y. 

tThe human serum has been used as control to determine the capacity of the donor 
leukocytes to phagocytose in the absence of foreign rabbit protein. This control is not es- 
sential when an adequate phagocytic activity is obtained in the control rabbit. In a number 
of cases, therefore, phagocytosis in the human control was not determined. 
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granules by polymorphonuclear leukocytes is markedly decreased in the pres- 
ence of antileukoeyte antibodies. 


TABLE L. PER CENT PHAGOCYTIC NEUTROPHILS 
WHITE CELL ANTILEUKOCYTIC NORMAL RABBIT NORMAL HUMAN 
SPECIMEN NO, RABBIT SERUM | SERUM SERUM 
201—A. L. ,13 90 


203 . 1 45 
204—D. L. 25 
205 50 
206 d 62 

SO to 100 


DISCUSSION 


The ineubation of normal human polymorphonuclear leukocytes with an 
antihuman leukocyte rabbit plasma markedly depressed the phagocytosis of 


starch granules. Direct cell counts indicate that the number of leukocytes 
does not decrease after they have been exposed to antibodies for 24 hours. 
This would appear to eliminate lytie activity on a large seale, but does not 
exclude the possibility that phagocytosis has been inhibited by the products 
of leukocytolysis of a small number of cells. 

Additional experiments indicate that the mechanism of the inhibition of 
phagocytosis is distinet from permanent cell damage since considerable reversi- 
bility of the inhibitory effect has been obtained. Whether the partially rever- 
sible nature of the process is a manifestation of the instability of the antibody, 
or whether the neutrophilic leukocyte in the course of prolonged incubation 
phagocytoses or pinocytoses the antibody is not known. 

In serial observations, egestion of the phagocytosed particles by poly- 
morphonuclear leukocytes" in the presence of specific antiserum has not been 
observed. The events described, therefore, appear to reflect a direct, primary 
action of the antibodies on the polymorphonuclear leukocyte. 

Further experiments show that there is less inhibition of phagocytosis as 
the concentration of antiserum decreases. Agglutination of white cells, which 
is minimal at higher concentrations of antiserum, becomes more pronounced 
as the titer of antibodies is decreased. Maximal agglutination occurs at titers 
which are too low for effeeting inhibition of phagocytosis. This demonstration 
of the prozone phenomenon for human leukoeyte agglutination is analogous 
to the observation of Moeschlin, Meyer, Israels, and Tarr-Gloor’ on the ag- 
glutination of guinea pig leukocytes by specific antiserum. It is of interest 


68 7 
40 
7s 
208—V. R. 10 74 me 
209—A. F. 1 82 62 
°210—C. L. 6 95 86 
211—B. N. 3 78 98 
212—G,. A. 4 100 79 
213—O. B. 11 71 9] 
214—G. Y. 1 87 77 7 
215—N. 8S. 0 87 
216—S., V. 5 70 95 
217—G. R. 3 75 — 
218—I. N. 14 65 — 
219—M. FE. 5 66 
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that two qualitatively different phenomena, i.e., the inhibition of phagocytosis 
and the agglutination of white cells, occur at different concentrations of the 
antiserum. 

A markedly increased susceptibility to disseminated infection in patients 
with agranulocytosis is well known.'*'? This has been attributed to the re- 
dueed number of circulating phagoeytie cells. On the basis of this study, it 
appears that inhibition of phagocytosis may be an additional factor which 
predisposes toward sepsis in those cases of agranulocytosis in which antibodies 
to leukocytes occur.'*** A definite relation between phagocytosis and resist- 
ance to infection, however, has not been established.** Since it appears that 
there may be an inverse relation between the concentration of antibodies re- 
quired for agglutination and for the inhibition of phagocytosis, respectively, 
and since only agglutination would cause a decrease in the number of poly- 
morphonuclear leukocytes, it is feasible that inhibition of phagocytosis might 
occur without granulocytopenia. 


SUMMARY 


Antibodies against human white blood cells produced in the rabbit have 
been shown to inhibit phagocytosis by human polymorphonuelear leukocytes. 
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THE EXPERIMENTAL PRODUCTION OF HEINZ BODIES IN 
VARIOUS HEMOGLOBINOPATHIES AND THE 
THALASSEMIC SYNDROMES 
AARON M. Josepuson, M.D., CHARLES M. Suaptro, M.D., Simon RozeNGvatG, 
M.D.,* anp Karu Sincer, M.D.+ 
CricaGco, IL. 


NTRAERYTHROCYTIC globules, commonly designated as Heinz bodies, 
were first described in an individual with potassium chlorate intoxication.’ 
In 1890, Robert Heinz, studying the action of phenylhydrazine on the blood, 
produced similar structures, studied their behavior, and devised methods for 
their staining.** He characterized these bodies as irregularly shaped, refrae- 
tile granules, which may remain stationary or demonstrate brownian motion. 
Occasionally they may be seen to extrude from the red cell or adhere to the 
membrane of the cell. The granules vary in size depending on the animal 
species studied and the drug used to produce them. 

We undertook the present study to determine whether any difference in 
Heinz body formation could be related to variations in human hemoglobins, 
in view of their different globin moieties. 


MATERIAL 


AND METHODS 


The in vitro production of Heinz bodies was done with a modification of the method 


of Beutler and associates. All patients studied had routine hematologie studies. Hemo 
globin type was determined by paper and Tiselius electrophoresis® and alkali denatura 
tion? for fetal (F) hemoglobin. 

Three to 5 ml. of oxalated blood were obtained from each subject. The samples were 
used within 4 hours after venesection. 

A buffer of pH 7.6 was prepared by mixing 8.7 parts 15 M Na,HPO, and 1.3 parts 
15 M KH,PO,. 

Materials.—The drugs used were acetylphenylhydrazine, 100 mg. per cent; hydroxyl 
amine hydrochloride, 40 mg. per cent; aseorbie acid, 50 mg. per cent; sulfanilamide, 200 mg. 
per cent; sodium hydrosulfite, 50 mg. per cent; sodium metabisulfite, 2 per cent solution. The 
buffer was used with all drugs except the last, when saline was employed. 

Test Procedure.—One part of blood was left unaltered; a second portion was changed 
to reduce hemoglobin by exposure to CO, for 1 minute; the remainder had CO bubbled 


through until a cherry red color was obtained. To 2 ml, of the various drug solutions, 0.1 


ml. of blood was added, and the mixture was incubated for 2 hours at 37° C. The tubes 
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containing unaltered whole blood, i.e., oxygenated hemoglobin, were left uncapped. Those 
containing CO-hemoglobin were stoppered, and those containing reduced hemoglobin were 
incubated with CO, bubbling through the solutions. The procedure involving sodium 
metabisulfite differed in several respects. The solution was placed on a glass slide and 
one-third the amount of blood was added and mixed. This was allowed to remain at room 
temperature under glass for 10 minutes. 

After incubation, 2 drops of erystal violet stain and 1 drop of the blood samples were 
mixed on a glass slide, After 5 minutes the specimens were examined microscopically, 

All blood specimens underwent the same test procedure without exposure the 
various chemical reagents or drugs. These made up the control samples. 

Two hundred cells were counted and the percentage of cells containing Heinz bodies 
was recorded. The number of Heinz bodies within a single cell was estimated as follows: 
1, 1+; 2 to 4, 2+; more than 4, 3+. All samples were counted in duplicate by 2 different 


observers. 
RESULTS 
Control Series.—Subjects with normal hemograms and whose cells contained 
normal adult (A) hemoglobin (10 patients; Table 1).* 


TABLE I. NorMAL ADULT HEMOGLOBIN 


GASEOUS STATE 
CHEMICAL : CO MORPHOLOGY 
Acetylphenylhydra 96 (3+) ) Moderate size; stains dee; 
zine blue; reduced state, small 
and stains light-blue 


Hydroxylamine 9: Moderate size; stains well 
hydrochloride 


Sulfanilamide 2 ) ; Small; stained well or were 
refractile 


Aseorbie acid O5 3+) Dustlike 
Sodium hydrosulfite 2+) Variable size and variable 
staining reaction 


Sodium metabi 80 SO ) Rare Large, refractile, and often 
sulfite extracellular 
Control Negative Negative Negative 


*Figures denote percentage of cells containing Heinz bodies. 

*+Refers to number of Heinz bodies per positive cell. 

tIn 3 patients, although all cells contained Heinz bodies, these were fewer in number 
per cell and had a different morphology. 


Acetylphenylhydrazine was effective in producing Heinz bodies in 90 to 
100 per cent of the cells whose hemoglobin was oxygenated or saturated with 
CO. Almost every cell had more than 4 granules (Fig. 1, 4). These stained 
well and were moderate, about 2 » in diameter, in size. Preparations contain- 
ing reduced hemoglobin showed marked variations. Either only 5 per cent of 
the cells had Heinz bodies or, in 3 patients, although 90 per cent of the cells 
contained the granules, the average was 1+, and they were smaller and stained 


much more lightly. 


*In all tables the first number represents percentage of cells containing Heinz bodies 
The numbers in parentheses represent the number of Heinz bodies per cell, 
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Fig. 1—A, Normal red cells; oxygenated hemoglobin, acetylphenylhydrazine. B, Sickle- 
cell anemia; oxygenated hemoglobin, acetylphenylhydrazine. C, Sickle-cell anemia; oxygenated 
hemoglobin, hydroxylamine hydrochloride. D, Normal red cells; oxygenated hemoglobin, 
sodium hydrosulfite. 
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Hydrorylamine led to the formation of Heinz bodies in 90 to 100 per cent 
of the cells in all preparations. They were 3+ per cell, stained well, and were 
moderate in size. 


Sulfanilamide gave a yield of Heinz bodies in 70 per cent of the cells whose 
hemoglobin was in the oxygenated or reduced state. When the preparations 
contained CO-hemoglobin, only 10 per cent of the cells showed small granules 
located at the cell periphery. These struetures were always smaller than the 
comparable ones found with acetylphenylhydrazine. In a small percentage 
refractoriness to the stain was seen. 

Heinz bodies were found in 80 to 95 per cent of the cells exposed to 
ascorbic acid with the hemoglobin in the oxygenated or CO state. These were 
dustlike in appearance and averaged 2+ per cell; with reduced hemoglobin 
less than 2 per cent of the cells were positive. 

Heinz bodies produced by sodium hydrosulfite were extremely variable in 
size and staining properties (Fig. 1, D). When the hemoglobin was oxy- 
genated, 60 per cent of the cells contained the granules, whereas the prepara- 
tions with reduced hemoglobin or CO-hemoglobin yielded less than 10 per cent 
positive cells. 


Sodium metabisulfite gave 80 per cent positive results with oxygenated and 
CO-hemoglobin, but only rarely were intraerythrocytie granules found in cells 
under constant CO, exposure. These Heinz bodies were almost uniformly 
refractile and were often seen adhering to the cell membrane or in the form 
of stalklike extrusions. 

Control samples under the same test conditions, without exposure to the 
various chemical agents, gave uniformly negative results. 


TABLE IT. S-HEMOGLOBIN: SICKLE-CELL ANEMIA SERIES 


GASEOUS STATE | 
Acetylphenylhydra 100 (3+ 100 (3+) 5 ~ Moderate size; stains deep- 
zine blue; reduced state, small 
and stains light-blue 
Hydroxylamine 3+) ‘ Moderate size; stains well 
hydrochloride 
Sulfanilamide : : Small; stains well, a few re 
maining refractile 
Ascorbie acid 95 (3+ 85 (2 ; Dustlike 
Sodium hydrosulfite j ) 7 (1+) Variable size and variable 
staining reactions 
Sodium metabi Very rare Negative Negative Refractile 
sulfite 
Control 


Negative Negutive Negative 


Sickle-Cell Anemia Series—This series consisted of subjects with 80 to 95 
per cent S-hemoglobin and 5 to 20 per cent fetal (F) hemoglobin (5 patients; 
Table Il). When acetylphenylhydrazine was employed, 100 per cent of the cells 
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ay, 
whose hemoglobin was oxygenated or in the CO form contained Heinz bodies 
(Fig. 1, B). Reduced hemoglobin preparations gave 3 to 10 per cent positive 
yields. These bodies were comparable to those found with normal hemoglobin. 


Hydrorcylamine again produced Heinz bodies in 100 per cent of the cells 
under all conditions. No difference was noted between these and the ones 
seen with normal red eells (Fig. 1, C). 


Sulfanilamide produced Heinz bodies in 50 per cent of the cells with oxy- 
genated or CO-hemoglobin. CO, exposure reduced the yield to less than 5 per 
cent. These bodies were uniformly small and occasionally did not stain well, 
remaining refractile. 


Ascorbic acid led to the formation of granules in 80 to 100 per cent of the 
cells with oxygenated or CO-hemoglobin, but only in 50 per cent of the cells 
incubated with CO,. They were again in the form of blue specks. 

Sodium hydrosulfite never produced granules in more than 10 per cent of 
the cells regardless of the hemoglobin state. These were variable in size and 
staining properties. 

Sodium metabisulfite was essentially without effect; it led to the formation 
of a refractile body in a few red cells. 

Controls were again negative 

Fetal Hemoglobin Series.—Cord blood was obtained from newborn infants. 
The average fetal (fF) hemoglobin content was 70 per cent, the remainder 
being A-hemoglobin (5 subjects; Table IIT). 


TABLE ITI. 


F-HEMOGLOBIN: CoRD BLOOD SPECIMENS 


GASEOUS STATE 

CHEMICAI O, CO CoO 
Acetylphenylhydra- 100 (3+) 100 (3+) 50 
zine 


MORPILOLOGY 


tc 
+ 


Moderate to large size; 
stains well 


Hydroxylamine 100 (3+) 100 (3+) 100 
hydrochloride 


Moderate size; stains well 


Sulfanilamide 15 (1lto2+) 10 (1+ 15 (1+) Small size; stains deep-blue 


or remains refractile 


Dustlike 


Aseorbie acid 


Sodium hydrosulfite Variable size and staining 


properties 


Sodium metabi- 
sulfite 


18 


(1+) 15 (1+) Rare Refractile; often stalklike 
extrusions 


Control Negative Negative Negative 


Iydrorylamine was effective in all preparations, all cells containing intra- 
erythrocytic granules. No difference in morphologic characteristies was noted 
when compared to similar blood samples containing only hemoglobin-A. 
Intraerythrocytic bodies were found in 10 to 15 per cent of the red cells 
exposed to sulfanilamide. The state of the hemoglobin did not affect the stain- 
ing properties of the globules which were small and either stained deep-blue 
or remained refractile. 


= 
100 (3+) 100) (3+) 100 (3+) 


\ ime 5 
Number 
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-Ascorbic acid was effective in the formation of blue, dustlike granules in 


each cell of the various blood samples. 


From 5 to 15 per cent of the cells incubated with sodium hydrosulfite con- 


tained granules which were variable in size and staining properties. Altering 


the hemoglobin state did not significantly affect the results. 


Sodium metabisulfite was without effect in cells with reduced hemoglobin, 


but produced Heinz bodies in 15 to 18 per cent of the other preparations. The 


granules remained refractile. 


Control samples were negative. 


CHEMICAI 
Acetylphenylhydra 
zine 


Hydroxylamine 
hydrochloride 


Sulfanilamide 


Ascorbie acid 


Sodium hydrosulfite 


Sodium metabi 
sulfite 
Control 


CHEMICAL 
Acetyl phenylhydra 
zine 


Hydroxylamine 
hydrochloride 


Sulfanilamide 
Ascorbie acid 
Sodium hydrosulfite 
Sodium metabisul 


fite 
Control 


Thalassemia 


and A-thalassemia was studied. 


TABLE 


GASEO 


100 


100 


TABLE V. 


IV. A-THALASSEMIA 


US STATE 
CO 


2 


(34 


S-THALASSEMIA 


GASEOUS STATE 


CO 


2 
(3+) 


MORPHOLOGY 


Moderate size; stains well 
Moderate size; stains well 


Small size; stains deep-blue 


Variable size, but predom- 
inantly small; stains 
light-blue 


Variable size; about half 
the cells remain refractile 


Refractile; large 


Moderate size; stains well 


MORPHOLOGY 
Small to moderate size; 


stains well 


Small size; stains well 


Small size, stains well; re 
duced state, few remain 
refractile 

Dustlike 

Small size; few remain re- 
fractile 

Refractile and often with 
stalks 

Small to moderate size; 


stains well 


Series.—One patient each with S-thalassemia, C-thalassemia, 
The latter, a patient with homozygous Medi- 


terranean anemia, had been splenectomized one year previously in a successful 


=. 
CO. 
50 (2+) 60 (14 
80 (1+) 80 (14 
10 (14 20 (14 CSE 
100 (3+ 100 (34 100 (34 
80 (2+) SO (14 50 (14 
100 (3+) 100 (3+) 70 (1 to 2+) 
90 (2+) 100 (2+) 80 (14+) 
TO (2+) 50 (2+) 
30 (14) 40 (14) 8 (1+) 
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attempt to ameliorate an extracorpuscular hemolytic process. The patient 


had not had any transfusion for 4144 months prior to the time of the test pro- 


cedure. (Tables LV, V, and VI.) 
TABLE VI. C-THALASSEMIA 
CHEMICAL | O, | co | CO, MORPHOLOGY 
Acetylphenylhydra 100 (3+) 100 (3+) 100 (3+) Small to moderate size; 
zine stains well 
Hydroxylamine 100 (3+) 100 (3+) 100 (3+) Small size; stains well 
hydrochloride 
Sulfanilamide 33 (1+) 15 (1+) 10 (1+) Small size; stains faintly 
blue 
Ascorbie acid 100 (3+) 75 (3+) 90 (3+) Very small; light-blue 
Sodium hydrosulfite 15 (1+) 10 (1+) 15 (1+) Small size; stains faintly 
blue 
Sodium metabi- - - - 
sulfite 
Control 25 (1+) 25 (1+) 20 (1+) Small to moderate size; a 


few remain refractile 


The outstanding difference in these 3 patients was the appearance of Heinz 
bodies in each of the control preparations. These intraerythroeytie granules 
were moderate in size, stained well, and each positive cell rarely contained 
more than | or 2 granules. No explanation was found for the diminished yield 
of Heinz bodies when sulfanilamide or sodium hydrosulfite was used as the 


test chemical in the patient with hemoglobin C-thalassemia. 


DISCUSSION 

The numerous theories concerning the origin, composition, and significance 
of Heinz bodies have been amply reviewed by Webster® and Fertman and 
Fertman.’ More recently, Beutler and associates’? have put forth the concept 
that Heinz body production is inversely related to the glutathione content of 
the red cells in primaquine-sensitive individuals. Inhibition of sulfhydryl com- 
pounds (glutathione) caused nonsensitive red cells to behave like primaquine- 
sensitive cells with increased production of Heinz bodies. 

There is no unanimity concerning the nature of Heinz bodies. We under- 
took the present study to determine whether the formation of these granules 
in red cells with different hemoglobins might throw some light upon this ques- 
tion. In their study of primaquine sensitivity, Beutler and co-workers™ could 
not detect any differences in patients with normal hemoglobin, sickle-cell trait, 
sickle-cell anemia, hemoglobin-C disease, or thalassemia. 

Acetylphenylhydrazine, an oxidizing reagent, was effective in producing 
Heinz bodies in 90 to 100 per cent of the red cells in every blood sample tested 
when the hemoglobin was oxygenated or in the CO form. We were unable 
to confirm the observations of Beutler and associates® regarding the number of 


| | 

z 
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Heinz bodies in red cells exposed to this drug. They found that cells from 
patients who were primaquine sensitive had 5 or more of the intraerythrocytic 
granules per cell, whereas those from normal subjects rarely had more than 
1 or 2. In all of our acetylphenylhydrazine preparations the Heinz bodies 
averaged more than 4 per cell. Introduction of CO, into the test system in- 
variably decreased the yield except in the patient with C-thalassemia disease. 

That oxygen availability is not a crucial factor in the production of Heinz 
bodies seems clear from the experiments utilizing hydroxylamine hydro- 
chloride. This drug, a reducing agent, was equally effective in their produc- 
tion regardless of the state of the different hemoglobins. All other drugs em- 
ploved reacted variably to the introduction of CO or CO, into the test system. 

The morphologie characteristics of the Heinz bodies produced by each 
reagent remained fairly constant in the different blood samples. An exception 
to this was the appearance of smaller or more lightly stained intraerythrocytic 
granules when red cells were exposed to acetylphenylhydrazine under con- 
tinuous CO, flow. Variability in the staining property was observed mainly 
in the Heinz bodies preduced by sulfanilamide and sodium hydrosulfite, some 
staining well and others remaining refractile. 

The observation has been made by Fisher,’* and confirmed by us, that 
sodium metabisulfite has little effect in cells with S-hemoglobin but produces 
Heinz bodies in normal cells. He postulated that differences in globin moieties 
accounted for this finding. The ability of hydroxylamine hydrochloride, 
another reducing agent; to produce Heinz bodies in 100 per cent of red blood 
cells from patients with sickle-cell anemia, even under constant CO, flow, 
would seem to contradict this hypothesis. 

In 1954, Minnich and associates’* found Heinz bodies in 4 of 52 patients 
with Mediterranean anemia. Three of our patients, one each with S-thalas- 
semia, C-thalassemia, and A-thalassemia, had Heinz bodies in their red cells 
without exposure to any chemical. Our study is too small to correlate the 
appearance of Heinz bodies to the hemolytic process, although the patient with 
the most severe hemolysis (A-thalassemia) had the fewest number of cells with 
these granules. It is interesting to note that this patient had undergone a 


splenectomy a year previously and splenectomy seems to enhance the appear- 


ance of Heinz bodies in the peripheral circulation in susceptible individuals." 
SUMMARY 

The production of Heinz bodies utilizing several chemical reagents in cells 
containing predominantly A-, S-, and F-hemoglobins was studied. The effect 
of oxygen, carbon monoxide, and carbon dioxide was also noted. 

The morphology of these granules was characteristie for each chemical 
employed. 

Three patients with thalassemie syndromes showed spontaneous Heinz 
body formation. 


Erythrocytes in the shape of sickle cells can form Heinz bodies. 


| 
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The ability to form Heinz bodies does not appear to be a function of any 


particular hemoglobin type tested. The presence of the gene for thalassemia 
may predispose the individual to the formation of these granules. 
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SERUM ALDOLASE IN THE NEONATAL PERIOD: INCLUDING A 
COLORIMETRIC DETERMINATION OF ALDOLASE BY 
STANDARDIZATION DILLY DROXYACETONE 
Max M. FriEDMAN, Pu.D., AND BerNaRD Lapan, M.D. 

NEw York, N. Y. 

With THE TECHNICAL ASSISTANCE OF THOMAS II. TAYLOR 


N RECENT years much attention has been given to the study of serum and 

plasma enzymes in disease, and, among these, serum aldolase. Aldolase is 
the enzyme which takes part in the intermediary breakdown of glucose at the 
level of fructose-1,6-diphosphate into glyeeraldehyde-3-phosphate di- 
hydroxyacetone phosphate. Elevation in serum aldolase levels was reported 
in hepatitis," * prostatic cancer,* * myopathies,® and in acute myocardial in- 
farction.” 

Notwithstanding the inereasing interest in aldolase activity in the past 
few years, there has been no data reported on enzyme levels in the neonatal 
period, The present study ineluded serum and plasma aldolase levels of 
mothers at delivery, the cord blood, and during the first 4 days of the newborn 
infant. 

Serum aldolase was determined by a modification of the method of Bruns*® 
so as to be used as a macromethod or a micromethod where the amounts of 
serum or plasma were reduced to 1:10 quantities, making the method ap- 
plicable for newborn infants and small animals. Becek® has shown experi- 
mentally that the color development for both trioses, glyceraldehyde and di- 
hydroxyacetone, is similar in a 60-minute period and with such a time-color 
development either triose may be used as a secondary standard in place of the 


more complicated alkali-labile P used heretofore. In the present method we 


have used dihydroxyacetone as such a secondary standard and all readings are 


recorded in “dihydroxyacetone units.” 

During the preparation of the reference curves with dihydroxyacetone it 
was further observed that the color developed was not linear in the higher 
ranges such as those found in hepatitis and in the normal range of the new- 
born infant. 

— From the Chemistry Division, Department of Laboratories, Lebanon Hospital, New York, 


A preliminary report was presented at the International Congress on Clinical Chemistry, 
New York, N. Y., on Sept. 11, 1956 (Clin. Chem. 2: 247, 1956). 


This investigation was supported by a Research Grant from the United States Public 
Health Service (RG-4621). 


Received for publication Oct. 11, 1957. 
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MATERIALS AND METHODS 

Reagents.— 

Fructose-1,6-diphosphate (0.05 M, pH 7.4): The commercial barium salt* was used 
without further purification. Dissolve 0.4 Gm, of the salt in 8 ml. of 1 N HCl and pre- 
cipitate the barium by dropwise addition of saturated Na,SO,. The precipitation is carried 
out in a centrifuge tube with intermittent centrifugation. The reaction is complete when 
no further precipitate forms (about 0.4 ml. of the sulfate is required). The BaSO, is re- 
moved by centrifugation and the supernatant adjusted to pH 7.4 by the addition first of 
NaOH pellets and then dropwise 1 N NaOH. Make to 10 ml. with water. When prepared 
in this way the molarity of the substrate was found to be close to 0.05 M for fructose 


as determined by the method of Roe.1° 


Hydrazine (0.56 M, pH 7.4): Dissolve 7.28 Gm, hydrazine sulfate in 50 ml. water 
and adjust to pH 7.4 with NaOH. Make to 100 ml. with water. 


y-Collidine buffer (0.1 M, pH 7.4): Dissolve 1.21 Gm, y-collidine in 50 ml. water, 
adjust to pH 7.4 with HCl, and make to 100 ml. with water. 


Todoacetic acid (0.002 M, pH 7.4): Dissolve 40 mg. CH,ICOOH in 50 ml. water, ad- 
just to pH 7.4 with dilute NaOH, and make to 100 ml. with water. 


2,4-Dinitrophenylhydrazine: One-tenth gram dissolved in 100 ml, of 2 N HCl. 
Sodium hydroxide: 0.75 N. 
Trichloroacetic acid: 10 per cent. 


Macroprocedure.—The reactants are added to a test tube in the following order: 
1.0 ml. collidine buffer, 1.0 ml. serum or plasma, 0.25 ml, hydrazine, 0.25 ml, iodoacetate, 
and 0.25 ml. fruectose-1,6-diphosphate substrate. Incubate sample for 60 minutes at 38° C, 
Add 5.6 ml. of 10 per cent trichleroacetic acid, shake well, and filter or centrifuge. A blank 
is prepared simultaneously by omitting the fructose substrate but adding it after the tri- 
chloroacetic acid. No incubation for the blank is necessary. 

The filtrates from the sample and blank are then treated as follows: to 1.0 ml. 
filtrate add 1.0 ml. of 0.75 N NaOH and let stand at room temperature for 10 minutes. 
Then add 1.0 ml, of 2,4-dinitrophenylhydrazine and let stand 60 minutes at 38° C. Finally, 
add 7.0 ml. of 0.75 N NaOH, mix well, and read in 8 minutes at 540 mu with the blank set 


at 100 per cent transmittance. The “dihydroxyacetone units” are obtained from a refer- 


ence curve, 


TABLE I. COMPARISON OF MACRO- AND MICROPROCEDURE FOR SERUM ALDOLASE, VALUES 
RECORDED IN DIHYDROXYACETONE UNITS’? 
MICROPROCEDURE PER CENT DIFFERENCE 
—9.4 
0 
+ 0.4 
— 0.7 
-18 
+ 6.1 
0.4 


MACROPROCEDURE 


Microprocedure.—This procedure is carried out as above except that quantities of 
reactants for incubation are reduced to 1:10 and the reaction carried out in micro-test 


tubes. Whereas in the macromethod 1.0 ml. filtrate is made to a final dilution of 10 ml., 


*Schwarz Laboratories, Inc., Mt. Vernon, N. Y. 


- 
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Number § 


in this case 0.4 ml, filtrate is made to a final dilution of 4 ml., giving the same concen- 


tration of color for both procedures and permitting the use of the same reference curve 
(Table I). 


Preparation of a Reference Curve.—A stock solution of dihydroxyacetone is prepared 
by dissolving 200 mg. in 100 ml. water.* The stock solution of 2 mg. per milliliter is kept 
in the refrigerator for 48 to 72 hours to complete depolymerization? after which further 
dilutions are made so that 1 ml. contains from 2 mg. down to 0.1 mg, dihydroxyacetone. 
In preparing the standard curve it is essential that the method be followed as described 
in the macroprocedure except that 1 ml. of dihydroxyacetone solution is used in place of 
the serum, other reagents and steps being identical. A plot of absorbance against milli- 
grams of dihydroxyacetone is shown in Fig. 1. These results were obtained by the use 
of a Beckman DU spectrophotometer at 540 mu with 1.0 em. cuvettes. The lower seale of 
the abscissa gives the units and we have defined the “dihydroxyacetone unit” as the 
amount of color developed by 0.01 mg. dihydroxyacetone under the conditions of this pro- 
cedure. 


OPTICAL DENSITY 


4 4 


0.4 08 1.0 1.4 1.6 1.8 2.0 


units 20 40 60 80 100 120 140 160 180 200 


Fig. 1.—Calibration curve for aldolase activity in “dihydroxyacetone units.” (See text.) 


Replicate determinations usually checked to within +3 per cent. A study of color 
fading showed that the absorbance decreased at the rate of 1 per cent for every 3 minutes 
of standing. 

The time of enzyme assay was also investigated. Sibley and Lehninger!! selected 30 
minutes as the period of incubation. The assay in this procedure was extended to 60 min- 
utes to intensify the color and permit the use of smaller samples. That 60 minutes is still 
in a linear range is shown in Table II. The temperature of incubation should be thermo- 
statically controlled. 


*We used dihydroxyacetone samples obtained from the Mann Research Laboratories and 
the Krishell Laboratories with similar results. 
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TABLE II. 


SERUM ALDOLASE ACTIVITY AS A FUNCTION OF TIME OF INCUBATION. 


VALUES 
RECORDED IN ‘* DIHYDROXYACETONE UNITS’? 


30 MINUTES 60 MINUTES 30 MINUTES 
3.8 2.13 
6.7 13.3 1.99 
8.6 16.8 1.95 
12.2 23.4 1.92 
15.5 


32.8 


2.12 


RESULTS 


The study for normal levels included 75 adults, divided into 27 men and 
48 women. Blood was taken by venipuncture, permitted to clot, and centri- 
fuged; sera that were visibly hemolyzed were discarded. Table III gives a 
résumé of these normal values. 


The average for men was found significantly 
higher than women, with t 2.12 and P less than 0.05." 


TABLE III. SUMMARY OF SERUM ALDOLASE IN ADULTS. VALUES RECORDED IN 


**DIHYDROXYACETONE UNITS’’ 


DETERMINATIONS 


MEN (27) WOMEN (48) 
Total range 6.1-19.2 
Average 14.3 12.3 
S.D. + 4.3 * 37 


The data herein presented consist of two separate studies in the neonatal 


period; first, the mother and cord blood drawn simultaneously at delivery, 
and second, the blood levels during the first 4 days of newborn life. Blood 
was withdrawn from the mother by venipuncture immediately after delivery 
and from the cord without any attempt to distinguish venous from arterial 
blood. After clot retraction the specimen was centrifuged and the serum 
separated. The sample was discarded when any visible hemolysis was ap- 
parent. 


Blood specimens were obtained from the newborn infants at varying 
times from a few hours after birth through the fourth day. The heel was 
punctured by a Bard-Parker blade and blood drawn into a capillary tube 


coated with heparin. The tubes were centrifuged and the plasma column 
separated into small test tubes. The aldolase was determined on 0.1 or 0.05 
ml. plasma by the microprocedure described above. The results are recorded 
in “dihydroxyacetone units” obtained from a reference curve. 


TABLE IV. SUMMARY OF SERUM ALDOLASE OF CORD AND MATERNAL BLOOD COMPARED WITH 
ALDOLASE LEVELS IN WOMEN. VALUES RECORDED IN ‘‘ DIHYDROXYACETONE UNITS’? 


CORD 


WOMEN” | CORD MOTHER | MOTHER 
Subjects 48 46 46 46 
Total range 6.1-19.0 12.6-84 7.1-43.8 0.79-5.00 
Average 12.3 40.1 19.6 2.8 
S.D. + 3.7 +18.1 + 7.8 


*Nonpregnant. 


Table IV gives a résumé of values obtained in mother and cord blood of 
46 subjects. Most patients delivered spontaneously and no significant dif- 
ference was found in those delivered by forceps or cesarean section. The 
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average for the serum from cord blood was 40.1 + 18.1 units while for the 
mother’s blood it was found to be 19.6 = 7.8 units. The average value of 19.6 
units for mother’s serum at delivery compares with 12.8 for women in the 
child-bearing ages. The mothers’ values are significantly higher than non- 
pregnant women with t 5.80 and P less than 0.01. The distribution of the 
serum levels in the 3 groups, nonpregnant, mothers at delivery, and the cord 


blood, are shown in ig. 2 


354 
a Females, non-pregnant 


30+ VA, Mothers at delivery 


Infants (cord blood ) 


NUMBER OF SUBJECTS 
3 


ist 
10+ 
i [| 
UNITS 10 20 40 50 60 70 oven TO 


Fig. 2.—Distribution of serum aldolase in control, mother, and cord blood Values recorded 
in “dihydroxyacetone units.” 

The enzyme levels in the newborn were particularly interesting in that 
they were about twice as high as the cord blood and about 5 times the level 
in adults. The data for this group may be seen in Table V. In this series of 
experiments, 104 analyses were carried out on 89 newborn infants. Some 
specimens were obtained as soon as 4 hours after birth (recorded as ihe first 
day) and the others up to the fourth day. A comparison of the daily levels 
shows no significant difference from the first to the fourth day. 

Since these specimens were obtained by heel puncture the possibility of 
tissue destruction and enzyme elaboration in situ was considered. For that 
reason a series of adults was used as controls where blood was obtained by 
finger puncture using the same manipulation as in the heel puncture of the 
newborn infant. The average enzyme activity of heparinized plasma obtained 
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by finger puncture from 28 adults, men and women combined, was 15.5 + 5.7 
units, only slightly higher than the levels in adult sera by venipuncture. These 
finger puncture data are ineluded in Table V. 


TABLE V. SUMMARY OF PLASMA ALDOLASE IN THE FIRST Four DAYS OF THE NEONATAL 
PERIOD COMPARED WITH ALDOLASE LEVELS IN ADULTS. VALUES RECORDED IN 
DIHYDROXYACETONE UNITS’’ 


~ NEWBORN INFANTS (DAYS AFTER BIRTH ) 


ADULTS* 1 | 2 3 + 
Subjects 28 25 30 22 27 
Total range 7.2-25.4 49.3-111.5 47.1-116.5 49.6-119.5 42.9-120.0 
Average 15.5 75.6 77.6 78.7 70.7 
8.D. + 5.7 +18.4 +19.6 +21.4 +20.5 


*Plasma obtained by finger puncture from heparinized blood. 


DISCUSSION 

The data of this study suggest various questions which can be dealt 
with only by theorizing. The level of serum aldolase found in women during 
labor is significantly higher than that in nonpregnant women in the child- 
hearing age group. The present concept is that serum aldolase increases in 
diseases associated with tissue destruction or necrosis, i.e., hepatitis, myo- 
cardial infaretion, and museular dystrophy. No significant tissue destruction 
nor necrosis can be assumed to occur at the time of labor and delivery. How- 
ever, one must consider the occasional use of obstetrical forceps and the fre- 
queney of episiotomy and repair. Since aldolase is a glycolytic enzyme, the 
increased muscular activity during labor may be the source of the increased 
serum aldolase level. 

The difference between the mother’s blood and the cord blood, as seen 
in Table IV, raises the obvious question of placental permeability. The cord 
blood aldolase is at a significantly higher level, so that the mother and fetus 
are not in enzyme equilibrium. A parallel finding has been reported by Glen- 
dening and associates’® in their study of transaminase in pregnant women, 
where approximately twice as much of this enzyme was present in cord blood 
as compared to maternal blood. The placenta at term may act as a selective 
membrane, a storage site, or a primary source of these enzymes. Most of the 
known enzymes have been identified in the placenta. 

Another observation of interest is the much higher serum aldolase activity 
in the newborn infant as compared to the level in the normal adult, and, more 
directly, when compared to the cord blood at time of birth. Determinations in 
the newborn infant carried out as early as 4 hours after birth already showed 
these much higher levels (as compared to the cord blood). Here, in newborn 
life, without any obvious concomitant process of tissue destruction or necrosis, 
the enzyme activity is as high as that seen in hepatitis, myocardial infarction, 
muscular dystrophy, or in tumor-bearing animals. 

One of the concepts proposed for the increased serum aldolase in patho- 
logie states is that the enzyme is liberated from areas of cellular destruction 
or necrosis." Hepatitis, myocardial infarction, and myopathies are associated 


= 
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with cellular breakdown. However, in the newborn infant, the same elevated 


enzyme levels are obtained in a physiologic state, for there is no known sud- 
den tissue breakdown which occurs at birth and which can be compared with 
the clinical states above mentioned. One may, therefore, postulate that the 
homeostasis for glycolytic enzymes in the newborn infant requires these higher 
levels of aldolase as part of the normal response to extrauterine existence. 

The observation, in this study, of a relatively high aldolase level in new- 
born life is particularly interesting. Our experience with tributyrinase,"* 
cholinesterase,’ and arginase’® has indieated no significant difference be- 
tween newborn life and the adult. An elevation of transaminase in the cord 
blood has already been noted.'® 

One may assume in the ease of aldolase that there is some underlying 
glycolytic process in the newborn infant which requires a higher enzyme level, 
possibly for increased muscular activity. It is vet to be determined when the 
newborn infant’s level of aldolase returns to known adult levels, or which, 
if any, pathologic newborn states show an increase or decrease. 

The activity of the adrenal glands in newborn life may play a role in 
the resulting increased level of aldolasc..° The adrenal glands at birth are 
20 times the relative normal adult size. Schapira’? has demonstrated in rab- 
bits increased plasma aldolase after cortisone and ACTH administration. 
Weber and associates'* have deseribed inereased liver glucose-6-phosphatase 
activity after cortisone administration. It is possible, therefore, that the 
higher level of aldolase in the newborn infant may be regulated by the adrenal 
cortical hormones as part of the specific physiologic requirements of glycogen 
and sugar metabolism present at time of birth and in the neonatal period. 


SUMMARY 

A method is described for the estimation of serum aldolase activity based 
on the hydrolysis of fruetose-1,6-diphosphate and the color development of 
the resulting trioses. A secondary standard of dihydroxyacetone is used for 
establishing a reference curve and units of activity. The method is applicable 
for amounts of serum as low as 0.1 ml., or less where enzyme activity is in- 
creased, 

The range for normal adult values with this method is presented, and the 
levels for blood serum of men are shown to be significantly higher than for 
women. 

A study of plasma and serum aldolase in the neonatal period was carried 
out on mother’s blood, cord blood, and in the first 4 days of newborn life. 

The enzyme levels of cord blood were significantly higher than those of 
mothers’ taken at delivery, while the activity of plasma aldolase was highest 
in the newborn infant. 

The possible significance of these results is discussed, 
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THE SURVIVAL OF Cr?-LABELED AUTOGENOUS ERYTHROCYTES 
IN CHILDREN 
ALEXANDER P. REMENCHIK, M.D., SCHUCKMELL, M.D., 
JOSEPHINE M. DyNnrewicz, Px#.C., AND WiLuiAmM R. Best, M.D. 
CHicaco, IL. 


HE advantages, disadvantages, and interpretation of Cr®'-labeled erythro- 
cyte survival time in adults have been adequately documented.’ How- 
ever, we were not able to find any published reports of Cr°!-labeled erythro- 
eyte survival time in children. Previous studies of survival time, employing 


the Ashby technique, in normal children have utilized adult donor cells.” 
We did not feel justified in assuming that values obtained by using donor cells 
from children would necessarily be the same as in adults. Hence, the present 
studies were performed. 


MATERIALS AND METHODS 


A group of clinically healthy children was not available for study. Therefore, our 
subjects consisted of children convalescing from a variety of acute infectious diseases, 
who were demonstrated to have a normal hematocrit, normal blood smear, and normal 
reticulocyte count (in 3 children it was slightly elevated at the time the study was 
initiated ). 

Approximately 10 ml. of blood was drawn from each subject and placed in a sterile 
siliconed glass vial* containing acid citrate dextrose solution and Cr51* (1.0 we/Kg.). 
The mixture was allowed to incubate for 1 hour at room temperature and was then re- 
injected into the subject. An initial blood sample was obtained 1 hour after injection and 
subsequent samples were obtained 24 hours later and at weekly intervals thereafter. 

Two milliliter samples of blood were pipetted quantitatively, in duplicate, into 
Lusteroid tubes for assay of radioactivity. Prior to assay the blood samples were 
hemolyzed by freezing and thawing. Two milliliter samples of plasma from the initial and 
24-hour samples were assayed for radioctivity; subsequent samples of plasma were not 
counted, because plasma samples have previously been found to be tree of significant 
radioactivity by this time.1% Radioactivity was assayed in a well-type scintillation counter 
for a period of time sufficient to ensure a counting error of less than 1.5 per cent. 
Microhematocrits were done in duplicate. All samples were corrected to the hematocrit 
of the initial sample, but not, for plasma trapping. The initial postinjection and 24-hour 
samples were corrected for plasma radioactivity. Survival time was determined by as- 
saying samples simultaneously with the initial postinjection sample and expressing residual 
radioactivity as a percentage of the initial sample. 

The data were plotted on semilogarithmic paper with percentage initial radioactivity 


as the ordinate (logarithmic seale) and the time in days as the abscissa (linear scale). 


From the Departments of Medicine and Pediatrics, College of Medicine, University of 
Illinois, Chicago, Ill 

This investigation was supported by Research Grant Rg 5059 from the Division of Research 
Grants, United States Public Health Service, Bethesda, Md. 
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PATIENT AGE SEX 
F. S. 2% F 
Cc. P. F 
L. P. 5 F 
Re. R 5 F 
Ra. R 5 M 
S. F. 6 M 
7 F 
7 M 
W. J. 7 M 
L. D. 7 F 
P. J. 7 F 
Pe 9 M 
M. A. 9 M 
M. R. 10 M 
G, 17 F 


the range of 25 to 40 days. 


The study was initiated in 


TABLE I. 


CONVALESCENT 


Je 


RESULTS 


HEMATO- 


FROM CRIT 
TBC 40 
Meningitis 
Scarlet fever 36 
Scarlet fever 36 
Searlet fever 36 
Mumps 34 
Searlet fever 37 
TRC 36 
Meningitis 
Varicella 36 
Searlet fever 35 
H. influenza 36 
Meningitis 
Rubeola 37 
TBC 37 
Meningitis 
Mumps 38 
Pityriasis rosea 41 
Guillain-Barré syn 42 


drome 


RETICULO- 
CYTE COUNT | 
(PER CENT) | 
22 
2.0 
1.3 
OS 


A line was drawn, from the initial postinjection specimen as the origin, by visual inspee- 
tion through the data and the point at which the blood radioactivity decreased to 50 
per cent of the initial radioactivity determined. 


patients and followed at least until radio- 
activity fell to less than half of the initial specimen level in 15. 
pereentage of initial radioactivity, time of half initial radioactivity, and perti- 
nent clinical data are tabulated in Table I. 
was 96.5 per cent. 


The average 24-hour radioactivity 
Thirteen patients had half initial radioactivity times in 
The remaining 2 had half times of 24 days. 


CLINICAL AND EXPERIMENTAL DATA 


24-HOUR HALF 
PER CENT INITIAL 
INITIAL RADIO- 
RADIO- ACTIVITY 
ACTIVITY (DAYS) 
97.1 35 
100.7 31 
95.6 28 
98.1 31 
96.5 24 
88.6 3 
101.5 29 
95.7 10) 
100.0 
95.1 24 
96.0 32 
99.3 28 
93.7 8 
96.4 33 
93.1 30 


J. Lab. & Clin. Med. 
May, 1958 


The 24-hour 


TIME OF 


DISCUSSION 


iron-deficiency type” in the cireulation of another child. 


the only previous report of erythrocyte survival time of a child’s erythrocytes 


in another child. 


The average 24-hour per cent of initial radioactivity in our series was 96.5 
per cent. 


Our data indicate that the half initial radioactivity time of Cr*'-labeled 
autogenous erythrocytes in children lies within the range reported for elini- 
‘ally healthy adults.’ '* This is compatible with the normal survival time of 
normal adult blood observed in “normal” children using the Ashby tech- 
Kaplan and Zuelzer* reported a normal erythrocyte survival time 
for the erythrocytes of a child with “hypochromie microcytie anemia of the 


This is slightly greater than the 95 per cent reported by Donohue 


This appears to be 


1.1 
2.0 
1.0 
1.0 
1.1 
0.5 
15 
: 0.9 
1.0 
1.3 
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and his co-workers’ for unwashed cells and 94 per cent reported by Molli- 
son and Veall* for washed cells. Our data do not permit us to identify the 
mechanism responsible for this initial loss. 


SUMMARY 


The half radioactivity time of chromium®!-labeled autogenous erythro- 
cytes in 15 children from 2'% to 17 years in age, convalescing from infectious 
diseases, was found to be within the range reported as normal for adults. 
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DEGRADATION OF TODINATED SERUM ALBUMIN 
PREPARED BY VARIOUS PROCEDURES 


J. L. STEINFELD, M.D., F. E. GREENE, B.S., D. L. TABERN, PxH.D.,* 
R. R. Paton, M.D.,** anp A. L. Fuicx, M.D.*** 
BETHESDA, Mp. 


LBUMIN labeled with I’, in addition to its common use for blood volume 
A determinations, has been used to estimate daily albumin synthesis and total 
body albumin stores in the normal individual.':* It has also been employed to 
study albumin turnover in patients with cirrhosis, nephrosis,’ hypothyroidism,’ 
hyperthyroidism,” cancer,’ regional enteritis,» and following such trauma as 
operations.” Transfer rates of albumin from plasma to ascitic fluid have also 
been estimated using I'*'-labeled albumin.'’"'? In all of these studies in which 
measurements are made over many days the biologic equivalence of native 
serum albumin with I'"' albumin has been assumed, although the dangers in- 
herent in such an assumption have been pointed out repeatedly.* '* "4 

Certain I"! albumin preparations have shown characteristics on electro- 
phoresis and in the ultracentrifuge which are not distinguishable from native 
serum albumin,’:* while other I'*! albumin preparations differ from native 
albumin in electrophoretic’ ' or chromatographic behavior." 

In a previous study 3 different I'' albumin preparations were adminis- 
tered in different sequence to the same 9 individuals,"* thus permitting a com- 
* albumins in the same individ- 
uals. The present collaborative study, an extension of the former, was under- 


parison of rates of degradation of different T' 


taken in the hope of finding a commercially practical I! albumin preparation 
for long-term metabolie studies. 

Factors which may influence the biologie behavior of I'*' albumin are: 
(1) the isolation procedure used for separating albumin from pooled plasma 
or serum; (2) the heating of albumin to 60° C. for 10 hours to minimize the 
possibility of homologous serum hepatitis transmission'’; (3) the method of 
iodination (e.g., oxidizing agent, pH, and temperature)'*; (4) the I'*7-albumin 
molor ratio®; and (5) the radiation absorbed by the I'*! albumin through beta 
and gamma emission during iodination of the albumin and storage of the I)! 
albumin.'® The effects of varying factors 1, 2, and 3 above during the 


iodination procedure on the degradation rate of I’! albumin after intravenous 


administration to man are herein reported. 

From the Metabolism Service, General Medicine Branch, National Cancer Institute, 
National Institutes of Health, Public Health Service, Department of Health, Education and 
Welfare, Bethesda, Md. 

Received for publication Oct. 28, 1957. 

*Abbott Laboratories, North Chicago, Ill. 

**Present address: Veterans Administration Hospital, Seattle, Wash. 
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ae” DEGRADATION OF LODINATED HUMAN SERUM ALBUMIN 


MATERIALS AND METHODS 


A. Preparative Procedures.—Three different commercial lots of Cutter human serum 
albumin (A, B, and ©) were used for iodination in these experiments. All contained the usual 
preservatives and had been heated to 60° C. for 10 hours to minimize the possibility of 
homologous serum hepatitis transmission. 


Lots A and C have been used repeatedly for the preparation of radioiodinated human 
serum albumin (RISA). There was nothing in the tests or apparent properties of lot B to 
suggest the abnormal results secured with it when used as an experimental raw material for 
this study. Albumin iodination was carried out at Abbott Laboratories under the supervision 
of one of the authors (D. L, T.) 

1. lodination with I,: This was a modifieation of MeFarlane’s ‘*‘ jet iodination’’ tech 
nique2° using, however, very rapid stirring rather than the special equipment which he has 
proposed and bicarbonate rather than a glycine buffer. Twenty millicuries of 1'%1, 0.04 mg. 
of KI, and 0.015 mg. of KIO, were rapidly mixed in bicarbonate buffer with 250 mg. of 
albumin, and after one hour the unbound iodide was separated on anion-exchange column. 
The iodine albumin molar ratio was 1:1 and the yield 2 to 4 per cent in terms of 1151, 

2. Lodine distillation method: Beeause the presence of variable amounts of reducing 
agents in the sodium iodide-!*1* interfered with the iodination reaction, preparations were 
made in which the iodide was distilled into a slightly basic solution, and the resultant iodide 
was used to iodinate the albumin. In a typical experiment 20 me. of I1%1 and 0.4 mg. of iodine 
were incubated for 3 hours in the cold with 200 mg. of albumin in glycine buffer. The mate 
rial was then passed over an ion exchange column to remove the nonbound iodine. The iodine 
albumin molar ratio was 1:5 on the average, and the yield was variable but never exceeded 
per cent, 

3. RISA: Routine preparations of RISA from Abbott Laboratories were included in 
this study. In this preparation, a dilute solution of hypochlorite is added, with constant agi 
tation and at intervals, to a mixture of 11%1-labeled KI in the cold. After standing overnight, 
free iodide and iodate are removed on an ion exchange column; the material is diluted with 
further protein and normal saline and Seitz filtered for sterilization. The iodine-albumin 
ratio is 1:5.5 and the yield between 70 and 75 per cent. 

4. RISA T-]: This material was similar in all respects to RISA except that either the 
number of millicuries of 1151 was decreased or the reaction time was shortened so that the 
radiation absorbed by the albumin during manufacture was decreased to approximately 
10,000 r.e.p.t 

5. RISA T-2: This group of preparations was similar to T-1 above, except that the 
reaction was further modified so that the iodine-albumin molar ratio during iodination was 


1:55 rather than 1:5.5. Probably because of the presence of more of the highly reducing 


sulfur compounds in the relatively larger quantity of albumin used in the iodination pro- 


cedure the yields in terms of 1151 were significantly lower. 

6. RISA T-3: This was a modification of T-2 in which larger amounts of albumin were 
added after iodide and jodate were removed on an anion exchange column, This was done 
in an effort to decrease still further the effeets which radiation from [1% following the 
iodination process itself might have upon the 11%) albumin, 

In each instance, the presence of unbound or loosely bound iodide or iodate was checked 
by paper chromatography, trichloroacetic acid protein precipitation, and dialysis experiments 
and found to be uniformly less (except one lot) than 1.0 per cent. Nine-tenths per cent of 
benzyl aleohol was added as a preservative, and supplies were stored in the refrigerator prior 
to use. 


B. Procedure of Study.—Patients received Lugol’s solution, 10 drops every 8 hours, for 


2 days prior to the injection of the 1151 albumin as well as during the entire period of study. 


*Supplied by Carbide and Carbon Nuclear, Oak Ridge, Tenn 
tr.e.p. = roentgen equivalent physical. 
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Calibrated syringes were used for the injection of the 1131 albumin which was introduced into 
the rubber tubing of a slowly running normal saline infusion. Three normal saline rinses 
were also injected into the patient before the infusion was stopped. Blood samples were 
drawn at 12 and 24 minutes for estimation of blood volume. Twenty-four-hour urine collec- 


tions were obtained in bottles containing 10 ml. of a Nal, NaHSO,, NaOH carrier 
solution.* 


RESULTS 
The majority of the studies to be reported were short-term (10 days) com- 
parative excretion and metabolism studies using 20 ne of I'*t albumin. In such 


studies more information about the albumin preparation than about the pa- 
tient’s albumin metabolism was obtained. 


In addition, long-term (30 to 60 days) metabolie studies were carried out 
in control individuals and in patients with disease, using 100 pe of albumin 


Tables I through VI present in detail the data obtained with the 6 dif- 
ferent types of preparations. 


TABLE I, [151 ALBUMIN (MopIFIED MCFARLANE TECHNIQUE) 


| | | | | CUMULATIVE 
ALBUMIN | | | | &% OF ADMIN- | AVERAGE 
| SELF- | | ** SPECIFIC | | ISTERED RADIO- | PER CENT 
| DATE RADIA STABLE | ACTIVITY’’ ACTIVITY | IHSA 
PREPA- | ADMINIS TION | ALBUMIN | wc I131/Ma. | | EXCRETED IN | DEGRADED 
RATION | TERED | (R.E.P.) | LOT | ALBUMIN PATIENT | 48 Hovrs  |(DAYS 7-10) 
1045-26 5-10-56 10,000 A 75.0 Pa. 8.9 4.5 
St. 9.1 6.6 
Ca. 6.6 3.0 
Ha. 6.6 3.4 
Sa. 8.0 2.9 
Be. 9.3 3.0 
Ar. 8.2 3.0 
Ka. 7.3 3.5 
1045-37 7-31-56 12,000 B 4.0 Se. 95 — 
Fu. 69 a 
Hy. 86 = 
Kr. 84 
Ha. 100 


The next to the last column, entitled ‘‘Cumulative Per Cent Administered 
Radioactivity Exereted in 48 Hours,’’ represents a summation of the excretion 
of I’ resulting from metabolism of presumably unaltered albumin proteins, 
plus that due to any protein which had been so denatured or modified as to be 
rapidly degraded. The final column gives the per cent per day degraded from 
days 7 through 10 inclusive. The per cent degraded each day was estimated 
by dividing the per cent of the administered radioactivity excreted on any day 
by the average per cent of the dose remaining in the body on that day. By 
the seventh day most of the rapidly degraded [’*' albumin had disappeared, 
and the values as stated seemed to reflect the metabolic turnover of albumin 
for that patient under the conditions specified. 


*Composition of carrier solution: 25 Gm. potassium iodide, 44 Gm. sodium bisulfite, 
and 80 Gm. sodium hydroxide in 1,000 ml. water. Stock solution is diluted 1:100 before use. 


= 
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Preparation 1045-26 has previously been reported® and represents material 
with “good’’ biologie properties, in that less than 8 per cent of the adminis- 
tered radioactivity was excreted in the first 48 hours, and an average of 3.8 
per cent of the iodinated albumin was degraded each day by 8 individuals 
from days 7 through 10. As indicated earlier, it was never again possible to 
prepare materials with these properties, even from lot A of the albumin. 

The I" from preparation 1045-37, made from lot B of albumin, was al- 
most quantitatively exereted in 48 hours and gave plasma volumes which were 
as much as 10 times higher than expected. This method of preparation, plus 
some factor in albumin B, resulted in material totally unsuited for tests of 
this sort, or for other biologie experimentation. 


TABLE IIT. 1131 ALBUMIN (IopINE DISTILLED INTO ALBUMIN SOLUTION ) 


| | CUMULATIVE 
ALBUMIN | % OF AD- AVERAGE 
SELF- ** SPECIFIC MINISTERED PER CENT 
DATE RADIA- STABLE ACTIVITY *” RADIOACTIVITY IHSA 
PREPA- | ADMINIS TION ALBUMIN | uc 1131/M6. | EXCRETED IN DEGRADED 
RATION TERED (R.E.P.) LOT ALBUMIN | PATIENT 48 HOURS (DAYS 7-10) 
1045-57 10-18-56 15,000 A 33.0 Co. rs 4.1 
Du. 
1045-63 10-29-56 13,000 A 33: Sh. 4.2 
Es. 2.9 
Ka. 5 3.8 
1045-97 12-15-56 11,000 f 3.2 Me. 
St. 


These represent the preparations made by distilling iodine into an albu- 
min solution. Yields were low and products could not be reproduced with as- 
surance. Preparation 1045-97, though prepared from albumin A, was rapidly 
degraded and like 1045-37 gave abnormal blood volumes. Two other lots, 
1045-57 and 1045-63, were not degraded differently than standard RISA prepa- 
rations. 


TaBLe III. 


| | | CUMULATIVE | AVERAGE 
| &% OF AD PER CENT 
SELF- | ‘“SPECIFIC | | MINISTERED | THSA 
| DATE RADIA- | STABLE | ACTIVITY ’’ | RADIOACTIVITY | DEGRADED 
PREPA- ADMINIS- TION |ALBUMIN | wc 1[151/MG. | EXCRETED IN (DAYS 
RATION TERED (R.E.P.) | LOT ALBUMIN | PATIENT | 48 HOURS 
968-171-30 11-10-55 =—-100,000 A 70 Cor. 
Wh. 
Cop. 
Gy. 


150,000 


| 


In Table III can be found results representative of studies in control indi- 
viduals with most RISA preparations. Approximately 10 to 20 per cent of 
the injected radioactivity is excreted in the first 48 hours, and subsequently a 
gradually declining degradation rate is found. This rate usually stabilized by 


RISA 
210-56 
A 
We. 18 
Hy. 16 4.8 
Ei. 15 
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the fifth to the eighth day as ean be seen in Fig. 1, where an early, rapid degra- 
dation rate can be separated from a later slower component. That the presence 
of 10 to 20 per cent of rapidly degraded materia! does not alter the distribu- 
tion curve is shown in the lower part of Fig. 1; it can be seen here that the 
per cent of the injected dose which is in the vascular compartment at equilib- 
rium time compares favorably with other reported results.2 


00-14-80, 9 68, 10/8/'56 
ty, = 9 Days 
z 
© 4 
4 
< 15 Days ad 
* 100 
= 
2 
ee al 
an 
3 
10 


1 
o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 
DAYS 


Fig. 1.—Degradation and distribution of ™ albumin (RISA). In the upper part of the 
figure on a semilogarithmic scale is plotted the per cent of the administered I albumin 
remaining in the body. Time in days is indicated on the abscissa. 

In the lower part of the figure is plotted on the semilogarithmic scale the per cent of 
the I™ albumin remaining in the body which is intravascular, 


IV. 


TABLE RISA T-1 


| CUMULATIVE | 


ALBUMIN % OF AD | AVERAGE 
SELF ** SPECIFIC MINISTERED PER CENT 
DATE RADIA STABLE | ACTIVITY’’ RADIOACTIVITY | IHSA 
PREPA- | ADMINIS- | TION | ALBUMIN | [131 /Ma. EXCRETED IN | DEGRADED 
RATION | TERED (R.E.P. LOT ALBUMIN | PATIENT | 48 HOURS (DAYS 7-10) 

1045-34 7-25-56 =33,000 B 9.0 Ir. 33 4.5 
Mi. 33 4.3 
Ne. 33 3.8 
St. 32 4.3 
1045-39 S- 3-56 $7,000 B 14.0 Ir. 27 5.0 
Mi. 27 4.0 
Ne. 29 4.1 
St. 26 4.3 
1045-56 10-18-56 6,700 A 15.0 Sh. 15 5.4 
Es. 14 4.2 
Ka. 13 4.0 
1045-64 10-29-56 10,000 A 23.0 Co. 13 3.1 
Pu. 7 3.0 


In Table IV can be found data obtained using a RISA preparation identi- 
cal in all respects with the ordinary RISA except that iodination was carried 


4 
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out in a more dilute solution of I and/or for a shorter period of iodination, 
thus decreasing the radiation dose to the albumin (RISA T-1). The per cent 
of the injected radioactivity excreted in the first 48 hours with preparation 
1045-54 and 1045-39 was considerably greater than with the previous RISA 
preparations, despite the decreased radiation received by preparations 1045-3 
and 1045-39. Preparations 1045-56 and 1045-64 were not excreted so rapidly 
though manufactured under identical laboratory conditions as 1045-34 and 
1045-59. Lot B of commercial albumin was used in the first two preparations 
while lot A was used in the last two preparations, pointing to a fault in the 
albumin preparation even before iodination. 


TABLE V. RISA T-2 


CUMULATIVE 

ALBUMIN G OF AD AVERAGE 

SELF ** SPECIFIC MINISTERED PER CENT 

DATE RADIA STABLE | ACTIVITY’ | RADIOACTIVITY IHSA 

PREPA ADMINIS TION ALBUMIN | wo 1151/MG. | EXCRETED IN DEGRADE?) 
RATION TERED (R.E.P. ) Lor ALBUMIN PATIENT 48 HOURS (DAYS 7-10 
1045-27 9-25-56 45,000 A 235.0 Av. 14 


1045-40 9-56 9.000 


2 
‘ 


TABLE VI. RISA T-? 
CUMULATIVE 

| ALBUMIN % OF AD AVERAGE 

SELF | ‘* SPECIFIC | | MINISTERED | PER CENT 

DATE RADIA STABLE | ACTIVITY’’ RADIOACTIVITY | IHSA 

PREPA- | ADMINIS TION ALBUMIN | uc 1131/Me, | EXCRETED IN DEGRADED 
RATION TERED (R.E.P. ) LOT ALBUMIN PATIENT 48 HOURS (DAYS 7-10) 

1045-110 1-11-57 10,000 A 2.0 11 

11 
St. 16 
1045-112 2-10-57 20,000 11 
6 
9 
6 
1045-114 3-15-57 20,000 2, 0. 9 
9 


te 
O 


1045-116 20,000 
1045-118 5-22-5 9,000 


Table V presents data on a preparation in which not only was radiation 
to the albumin decreased but also the iodine-albumin molar ratio was 


Ka. 11 
Be. 
St. 10 
Ca. 11 2 
Pa. 12 2 
Ha. 11 
Sa. l4 
eC B 5.0 Se. 22 
Fy. 21 
Hay. 19 
Kr. 21 
Har. 21 
Ur. 8 4.8 
Cc 2.0 Ah. 12 5.6 
Gh. 9 5.2 
Ne. 11 5.8 : 
B 2.0 Mu. 15 ate 
Ev. 15 
Or. 18 
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decreased to 1:55.0 (RISA T-2). An average of 12 per cent of the radioactivity 
was excreted in the first 48 hours when lot A was iodinated, whereas 21 per 
cent was excreted in the first 48 hours when lot B was iodinated. 
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Fig. 2 Degradation and distribution of I™ albumin (RISA T-3). In the upper part 
of the figure on a semilogarithmic scale is plotted the per cent of the administered I™ al- 
bumin remaining in the body Time in days is indicated on the abscissa. 

In the lower part of the figure is plotted on the semilogarithmic scale the per cent of 
the I albumin remaining in the body which is intravascular. 
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Fig. 3—Degradation and distribution of ™ albumin (RISA T-3). In the upper part 
of the figure on a semilogarithmic scale is plotted the per cent of the administered I 
albumin remaining in the body. Time in days is indicated on the abscissa. 

In the lower part of the figure is plotted on the semilogarithmic scale the per cent of 
the I albumin remaining in the body which is intravascular. 
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Number 

In the last of the preparations (RISA T-3), conditions for the preparation 
of RISA T-1 were employed (decreased albumin radiation), with the excep- 
tion that large amounts of albumin rather than saline was used as a diluent. 
With albumin lot A an average of 13 per cent of the radioactivity was excreted 
in the first 48 hours; with lot C an average of 9 per cent was excreted in the 
first 48 hours; and with lot B an average of 16 per cent was excreted in the 
first 48 hours (Table VI). 

The results of a typieal 3 to 4 weeks’ study following the intravenous 
administration to man of 100 ne of I’ albumin, RISA T-3, are shown in Fig. 2. 
In contrast with Fig. 1, a single line can be fitted to the graph of the log of 
the per cent of the radioactivity remaining in the body as compared with time. 
Since 100 pe of I’ is the usual dose used in such studies, the appearance of 
a single exponential in Fig. 2 indicates a uniform rate of degradation of the 

albumin. 

In Fig. 3 can be found the results of a study carried out on a patient 
who was suspected of having a brain tumor and who received 600 ye of DP 
albumin prior to a gamma ray sean of the cranium. The study could be con- 
tinued for 58 days before the counting rate of the urine dropped to levels too 
low for satisfactory measurement. In this instance, while a single exponential 
obtains for approximately 24 days, there is another slower component for the 
last 32 days. 

DISCUSSION 

Previous investigators have shown that when there are more than 10 

iodine atoms per albumin molecule, the rate at which the body degrades I'*'- 


labeled albumin is inereased.? Also ‘‘strong’’ oxidizing agents like hydrogen 
£ 


peroxide,’® if used with iodide to iodinate albumins, result in an I'** albumin 
which is more rapidly degraded than normal. Exposure of iodinated albumin 
in a concentration of 0.2 mg./ml. to 50,000 r.e.p. again increased the rate at 
which the iodinated albumin was degraded.'® In the present investigation, an- 
other factor, the albumin preparation prior to iodination, has been found to 
affect the rapidity with which the I'* label is separated in vivo from albumin. 
Commercial lot B whether prepared as RISA T-1, RISA T-2, or RISA T-3 was 
more rapidly degraded during the first few days. It would also appear from 
Table VI that albumin lot C, when iodinated, provided a better biologie label 
than lot A in that the former was less rapidly degraded. RISA probably 
contains some I**' albumins which are rapidly degraded (Fig. 1) while RISA 
T-3 appears to have a uniform degradation rate (Fig. 2). Since most biologie 
studies are carried out with radioactivity doses as low as possible, data on I! 
albumin degradation obtained from studies carried out for more than 3 to 4 
weeks as in Fig. 3 are not readily available. The fact that there is a change 
in degradation rate of I'** albumin after approximately the third week and the 
fact that this change oecurs in a patient who has received a preparation 
which presumably does not contain any rapidly degraded I*** albumins make 
tenuous any conclusions about absolute rates of albumin turnover derived 


| 
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from data on I'*' albumin. While a change as seen on day 24 in Fig. 3 
may represent a real change in the patient’s albumin metabolism, it is not at 
all possible to rule out the presence of several I'*'-labeled albumins in the 
preparation administered, 

However, comparative 30-day studies with I'' albumin in patients with 
disease may still give insight into relative rates of albumin metabolism if con- 
trol studies are done concurrently with each I’! albumin tested. 

Data on average degradation rate from days 7 through 10 for each of 
the preparations have been listed in the tables. Sinee individuals may differ 
considerably in the rate at which they degrade I'*' albumin, comparison of 
preparations can be profitably made only in the same individual; however, it 
is of interest and of some importance to note that all preparations except 
1045-37 (Table 1) and 1045-97 (Table Il) were degraded at rates of from 53 
to 7 per cent per day after the first 6 days. Mueh of the data on albumin 
metabolism obtained with ['*! albumin may be valid for comparison purposes 
since the studies usually were carried on for 3 to 4 weeks. 

From the data in Table IIT through VI it would appear that preparations 
containing less and less rapidly degraded iodinated albumins are obtained as 
the albumin’s radiation exposure is decreased and/or as the albumin conecen- 
tration is increased. 

1045-26 was the only one of 6 preparations made using nascent iodine as 
the iodinating agent which resulted in an I'*! albumin with biologie properties 
comparable to RISA T-3 C. Failure to obtain consistently biologically ‘* good’’ 
L'* albumin preparations using modifications of MeFarlane’s techniques must 
be attributed to technical factors; however, the reliable and satisfactory P™ 
yield with RISA T-3 preparations make the latter suitable for commercial 
production. 

After albumin is isolated by the Cohn technique it is heated to 60° C. for 
10 hours to minimize the possibility of transmission of homologous serum 
hepatitis. Recently, rabbit albumin heated to 56° C. for 10 hours before iodi- 
nation has been shown to have a shorter biologic half-life than similarly 
iodinated unheated albumin.'® That heat treatment is necessary in the case of 
human serum albumin has been shown by Murray who found hepatitis trans- 
mitted to volunteers by transfusions of 25.0 Gm. of unheated albumin but not 
by 10 transfusions of 25.0 Gm. of heat-treated (60° C. for 10 hours) albu- 
min.2! 22 A review of work in this field has been published recently.** 

Except for preparations 1045-37 and 1045-97, all estimates of blood vol- 
umes were in the expected range. Llood volumes were estimated in 2 ways: 
(1) samples were taken at 12 and 24 minutes and the zero time extrapolation 
of the radioactivity per ml. of plasma (linear graph paper) was used to esti- 
mate plasma volume; and (2) the 12-minute plasma sample alone was used 
to estimate plasma volume. Using method 2, plasma volume was 80 ml. higher 
on the average, and in only one instance was it as much as 200 ml. higher. 
These results are in accord with those previously reported,** indicating that 
a single 12-minute sample is adequate for estimation of plasma volume in non- 
edematous subjects. 
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SUMMARY 


1. I'*'-labeled albumin preparations with a uniform degradation rate over 
an approximate 4-week period have been described. Such preparations had 
an iodine-albumin ratio of less than 1:5.5 and had received less than 20,000 
re.p. before administration to man. The coneentration of albumin was 50 
mg./ml. 

2. Different commercial albumin lots yielded ['*'-labeled albumins with 
varying biologie properties following iodination. It cannot be assumed a 
priori that all batches of commercial albumin are identical. 

+. Even though an I'*'-labeled albumin preparation under investigation 
in man shows a uniform degradation rate for 4 weeks, it may, if such a study 
is continued for another 4 weeks, vield a slower degradation rate, thus making 
tenuous any conclusions about absolute values of albumin turnover from data 
derived with I’ albumin. 

4. Although I’*' albumin preparations may contain varying amounts of 
rapidly degraded I'' albumin (up to 20 per cent) the estimation of total ex- 
changeable albumin and albumin turnover derived from data obtained from 
the second to fourth weeks of study may yield useful information for com- 
parative purposes. 

5. In these studies a single 12-minute blood sample was adequate for the 
estimation of blood volume in nonedematous individuals. 


ADDENDUM 


Since the above report was submitted for publication we have completed studies of 
another preparation, RISA T-4C, which differs from RISA T-3C in that the final radio- 
activity concentration in terms of I131 is approximately 250 we/ml. (5.0 we 1131 per milligram of 
albumin). This preparation from lot C of Cutter albumin, on the basis of in vitro and in vivo 
studies as described in the body of the manuscript, cannot be distinguished from RISA 


-3C and appears equally suitable for long-term studies in which iodinated albumin might 
be used. 
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THE INTRACELLULAR LABELING OF EHRLICH MOUSE ASCITES 
TUMOR CELLS WITH RADIOCHROMATE 


P. C. Ragam, Pu.D., ANNE-LouISE JACKSON, M.S., AND SAMUEL H. BLAck, M.S. 
ANN ARBOR, MICH. 


URING investigations on the therapy of tumors by the use of radioactive 

tumor antibody, we have had occasion to study the rate of elution of such 
antibody from the surface of Ehrlich mouse ascites tumor cells following sub- 
cutaneous implantation. Interpretation of results was complicated by lack of 
quantitative information on the disappearance or removal of antibody-coated 
cells from the inoculation site before a solid tumor had formed; that is, while the 
inoculated cells were still essentially in suspension. Such an occurrence, if 
active to a significant extent, would result in disappearance of radioactive anti- 
body from the tumor site by means unrelated to elution from the implanted 
cells, and would demand the application of a suitable correction. 

Cray and Sterling’? have used radiochromate to label erythrocytes, and 
subsequently Necheles, Weinstein, and LeRoy® have used radioactive sodium 
chromate in studies of erythrocyte survival under various conditions. Methods 
based on the intracellular labeling of erythrocytes are now used routinely in 
clinical studies. Sinee the problems encountered in our own work resolve them- 
selves into the measurement of disappearance rates of tumor cells from the 
original inoculum, a method analogous to that used for erythrocytes has been 
tried and found to be applicable to the stable intracellular labeling of Ehrlich 
mouse ascites tumor cells, and is the subject of this report. 


MATERIALS AND METHODS 


Labeling of Tumor Cells.—<Ascites fluid containing tumor cells was withdrawn from the 
peritoneal cavity of Swiss mice, and delivered into 10 ml. of Alsever’s solution. The 
heavy suspension was then diluted to a concentration of 10 x 105 cells per 10 ml. volume, 
and radioactive sodium chromate added.* The mixture was rotated in a stoppered tube 
at the rate of 2 r.p.m. for 1 hour at room temperature, after which the cells were washed 
3 times with Alsever’s solution in a refrigerated centrifuge (35 g, 10 minutes, 0° C.). The 
washed cells were suspended in cold Alsever’s solution and divided into 1 ml. aliquots 
containing 10 x 106 cells, in replicate tubes. 


Per cent Radioactivity Uptake at Varying Chromate Conecntrations.—The labeling pro- 


cedure was carried out with a constant number of tumor cells, but using chromate amounts 
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Arbor, Mich. 
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} *Procured from the Radioactive Pharmaceuticals Division of Abbott 
Ridge, Tenn., under the trade name Rachromate. 
43.4 me. per gram NasCr'0,. 
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of 0.6, 1.2, and 2.4 wg (10, 20, and 40 we, respectively). After washing and resuspension, 
the total radioactivity was determined by counting in a well-type scintillation counter 
(Nuclear Chicago Model 192) and the percentage of total added radioactivity taken up 
by the cells calculated (Table I). 


Partition of Radioactivity Following Cell Lysis.—One milliliter of labeled cell sus 
pension containing 10 x 106 cells was subjected to sonie disintegration for 2 minutes in a 
Raytheon Sonic oscillator (Model DF-101). After lysis, particulate matter was sedimented 
by high speed centrifugation (10,000 g, 20 minutes) and the clear supernate decanted. The 
pellet was washed 3 times with 0.9 per cent sodium chloride, under the same conditions, 
and the original supernate was combined with the washings. Aliquots were counted for 
radioactivity as before. The pellet was resuspended in 5 ml. saline and the total suspen- 
sion counted. Both sets of counts were compared with the total count on the original 
sample, made before lysis. All counts were corrected for background and decay. Results 
are presented in Table IT. 


Percentage Elution of Radioactivity In Vitro.—Replicate tubes, containing 10 « 106 
labeled cells in 1 ml. Alsever’s solution, were incubated at 5° C. over a 4-day period. At 
24-hour intervals, tubes were withdrawn, the cells gently resuspended, and an estimate 
of the percentage of damaged cells (cells showing extrusion of intracellular contents) made 
by direct count in a Petroff-Hauser counting chamber; 0.01 ml. cell suspension was with- 
drawn for this purpose. After counting, the tubes were centrifuged to pack the tumor 
cells (35 g, 30 minutes, 0° C.). The conditions of centrifugation were selected to allow 
complete sedimentation without excessive cell compression. Aliquots of the supernates 
were removed, diluted to a volume of 2 ml., and counted for radioactivity, corrections 
being made for the amount withdrawn for cell counts. The percentage elution of radio 
activity per day was determined and compared with the corresponding percentage damage, 
over the entire 4-day period (Table IIT and Fig. 1). 


Effect of Labeling on the Ability of Tumor Cells to “Take” In Vivo.—In the course of 
our work with the Ehrlich ascites tumor, it has been found that, when subcutaneously 
inoculated, a minimum of 1 «x 106 cells must be inoculated if it is desired to obtain 100 per 
cent “takes” at all sites inoculated. Ten Swiss mice were bilaterally inoculated in this 
way with normal untreated ascites tumor cells, and 10 more with freshly labeled cells 
carrying radioactivity to the extent of 5,600 counts per minute. The number of sites at 
occurred were compared for the 2 groups after 7 days (Table IV). 


” 


which successful “takes 


TABLE I. Per Cent RADIOACTIVITY UPTAKE AT VARYING CHROMATE CONCENTRATIONS 


AMOUNT RADIOCHROMATE ADDED 


; TAG ON 10 = 106 CELLS PER CENT 
uc | (C.P.M. ) UPTAKE 
~ 718,125 56,355 47.5 
20 248,750 104,610 42.0 
40 472,500 118,775 39.0 


RESULTS 

The results indicate that tumor cells, at least of the strain used, are indeed 
labeled by this method (Table I). The maximum pereentage uptake obtained 
was approximately 47 per cent of the total added radioactivity, which is about 
one-half of the maximum uptake reported for erythrocytes." While higher 
specifie activity preparations can be made by increasing the amount of radio- 
chromate added, there are two major disadvantages associated with chromate 
concentrations above a certain point. Thus, when 0.6 pg of Na,Cr°'O, were 
used for labeling, a maximum uptake was obtained with minimum daily elution 


| 
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of radioactivity (slightly above 1 per cent per day). The use of 1.2 and 2.4 yg 
of Na,Cr°'O, resulted in progressively lower uptakes, and significantly increased 
daily elution (slightly above 2 and 3 per cent per day, respectively). The 
amount of cell damage encountered over the total 4-day incubation period does 
not differ significantly at the various chromate concentrations; in fact, experi- 
ence shows that after identical incubation conditions, 80 to 90 per cent cell 
damage is frequently encountered with suspensions of tumor cells that have not 
been subjected to chromate treatment. Cells treated with 0.6, 1.2, and 2.4 pe 
of nonradioactive Na.CrO, also are damaged to a substantially similar extent 
(Fig. 1 and Table IIT). 
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75 
PERCENT 


RADIOACTIVITY 
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Percentage elution of radioactivity in vitro. (10 x 10° cells labeled at 0.6 sg level, 
5° 


TABLE II. PARTITION oF RADIOACTIVITY FOLLOWING CELL LysIs 


PER CENT OF TOTAL 


COUNTS PER MINUTE 
Total labeled cell suspension” 100,000 100.0 
Particulate matter 9,600 9.6 
Supernate 88,200 88.2 


*Labeled cells, 1 *& 10°, in 1 mi. total volume. 


It should be noted that when daily elution of radioactivity is studied at the 
most favorable chromate concentration (0.6 yg), no parallelism ean be demon- 
strated between percentage cell damage and release of radioactivity into the 
supernate. This indicates that leakage from the cells, so long as they are intact, 
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is a very small contributing factor to elution of radioactivity. Thus, if the 
radioactivity can be shown to have a predominantly intracellular location, a 
very large percentage of released radioactivity must be due to actual cell rup- 
ture. An alternative interpretation is that considerable cell damage (without 
rupture) merely results in minimal elution. 


TABLE LIT. Per Centr RApIOAcTIVITY ELUTION* AT VARYING CHROMATE CONCENTRATIONS 


AMOUNT RADIO TAG ON 10 x 106 SUPERNATI ELUTED 
CHROMATE ADDED CELLS CELL DAMAGE RADIOACTIVITY CHROMATE 
(eg ) (€.P.M.) (PER CENT) (C.P.M. ) (PER CENT) 
0.6 56,355 3,382 9.9 
12 104,610 SS 11,169 10.7 
2.4 188,775 | 22,825 12.1 


*Values after 4 days; incubation at 5° C. 


That the radioactive label is in fact intracellular is shown by the results of 
partition after cell lysis (Table II). Approximately 10 per cent of the total 
radioactivity is present in the particulate materials from the cells, while 88 per 
cent is present in the lysate. It has not proved possible to completely account for 
the remaining 2 per cent of the radioactivity except on the basis of loss during 
the several transfers during the procedure. The absolute proportion of intra- 
cellular radioactivity is certainly higher than indicated by these figures, since 
centrifugation sediments all particulate intracellular components. In spite of 
this, the particulate matter retains considerably less radioactivity than do the 
stroma of red cells (22 per cent).* 

Animal experiments show that the ability of tumor ¢ells, labeled with 0.6 ng 
Na.Cr"’'O, per 10 x 10° cells, to form solid tumors in mice is unimpaired 


(Table IV). 


TABLE IV. Errecr oF LABELING ON TUMOR “TAKE” IN Vivo 


NUMBER OF SITES NUMBER OF POSITIVE 
INOCULATED “TAKES” (7 DAYS) 
Normal untreated cells 20 20 
Radiochromate* labeled cells 20 20 
*Cells, 1 & 10°, inoculated subcutaneously in 0.1 ml. volume 


DISCUSSION 


In order that labeled cells may be used for survival or disappearance studies, 
the label used should satisfy the following eriteria: it should have an intra- 
cellular location, should not leak out of the cells while the latter are alive, and 
should result in preparations sufficiently radioactive for in vivo tracer work. The 
results presented indicate that these criteria are essentially met by the radio- 
chromate labeling procedure, which appears to be applicable to the Ehrlich 
ascites tumor cell as well as to the erythrocyte. 

The partition studies of radiochromate distribution after cell lysis indicate 
that radioactivity is predominantly intracellular in location, the amount retained 
by cell particulates being even less than that reported retained by red cell 
stromata in similar experiments. 
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Since even when high percentages of the tumor cells are extruding intra- 
cellular material due to degeneration, only slightly more than 1 per cent per day 
of the radioactivity is released, it appears that leakage from the cells approaches 
the negligible in vitro, unless the cells are actually ruptured. It is to be noted 
that cell degeneration with accompanying extrusion of a portion of the intra- 


cellular material is not correlated with a corresponding rise in the radioactivity 


of the supernate, which indicates that, even when the cell has deteriorated to a 
major extent, only minimal amounts of radioactivity are released unless the 
cell has actually lysed. This supports belief in the stability of the label even 
under unfavorable conditions, 

When labeled cells are used for studies in vivo, they are not in a resting 
state, but are presented with opportunities for multiplication. Since the in vitro 
results are, therefore, in no way comparable with possible occurrences in vivo, it 
would appear inadvisable to apply the correction we have determined in the test 
tube to animal experiments. <A similar situation exists when erythrocytes are 
used for survival studies, but this does not diminish the usefulness of the tech- 
nique in experiments conducted on a relative basis. The leakage from erythro- 
cytes in vitro is essentially of the same magnitude as here reported for tumor 
cells. 

It will be noted that in vitro studies on stability of the label have been 
carried out at low temperature. Results of experiments at 37° C. could not be 
interpreted for these studies in view of the massive deterioration, accompanied 
by considerable cell lysis, that occurred even when the samples were stored with- 
out disturbance at this temperature. There exists, in any event, a difference 
between in vivo and in vitro conditions too great to justify the view that in- 
cubation at 37° C. more closely parallels the physiologic situation. 

The optimum amount of chromate (0.6 »g) used in labeling results in 
uptakes of the order of 55,000 counts per minute for 10 x 10° tumor eells, a level 
more than satisfactory for tracer experiments. It has also been shown that 
neither the radioactivity nor the chromate present in the cells affects their ability 
to “take” in animals when a minimal inoculum is used. 

The intracellular location of the chromate ion in the red cell has been shown 
to be associated with the globin fraction.’ It is not known, at this time, what 
the combination site may be in the tumor cell. This aspect is being studied at 
this time. 

It is concluded that in all significant respects, there exists a parallelism 
between the labeling of erythrocytes and of Ehrlich aseites tumor cells with 
radiochromate. It is possible that other tumor cell strains ean be labeled in this 
manner. The technique may also find use in tissue culture studies on cell 
multiplication, and in related areas. 


SUMMARY 


1. A method is deseribed for the use of radioactive sodium chromate 
(Na.Cr'O,) in the labeling of Ehrlich ascites tumor cells. The method is 
analogous to that used for labeling erythrocytes. 
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2. The label obtained by this method is largely intracellular, and elutes 
from the cells at the rate of slightly more than 1 per cent per day in vitro. 


Elution is not appreciable unless cell rupture oceurs. 


3. In the recommended doses, neither the chromate ion nor the radioactivity 
appears to injure the tumor cells either morphologically or in their ability to 


produce subcutaneous tumors. 
4. The method is applicable to the study of the fate of cells after inoculation, 


and to tissue culture studies of growth characteristics of these and possibly other 


tumor cells. 
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SERUM LACTIC DEHYDROGENASE AND GLUTAMIC OXALACETIC 
TRANSAMINASE ACTIVITIES IN NORMAL PREGNANCY 
Sister Rrra GeorGe Knutson, C.S.J., B.S., W. E. Cornarzer, Pu.D., M.D., 
J. Moorr, M.D., anp W. W. NELSON, M.D. 

GRAND Forks, N. D. 


HE elevation of serum lactic acid dehydrogenase (LDH) activity has been 

noted in association with several diseases as well as normal pregnancy. 
Workers in this field have pointed out that “a broad survey of a large variety 
of disease states is required in order to evaluate properly the clinical sig- 
nificance of changes in serum LDH levels and the usefulness of such determina- 
tions as a diagnostic tool.” The elevation of serum LDH activity has been 
reported in pregnant women by Hill and Levi* and Hill.* The former studied 
10 subjects; 7 of whom had LDH activities above normal. The latter’s study 
consisted of 40 subjects; approximately half of whom had increased activity. 
MacDonald* observed only a minimal increase in serum LDH activity in 1 out 
of 5 pregnant subjects. No correlation of increased LDH activity was made 
to the period of gestation in any of the studies nor to our knowledge has serum 


glutamic oxalacetic transaminase (GOT) activity been studied in this regard. 


The present experiments were undertaken to investigate the effect of nor- 
mal pregnaney on serum LDH and GOT activities in relation to period of 
gestation, number of pregnancies, age, and body weight of the subject. 


MATERIAL AND METHODS 


Venous blood was drawn without regard to the fasting state from 100 pregnant 
women free of evidence of clinical disease and from 31 apparently healthy nonpregnant 
women of a similar age group (18 to 49 vears). The blood was allowed to clot at room 
temperature for not longer than 30 minutes and then centrifuged.1. The sera were frozen 
for not longer than 10 days if the determinations could not be run immediately.5 Hemo- 
lyzed sera were rejected. 


Lactic Dehydrogenase.—The two methods which are used for the assay of LDH are 
based upon the oxidation of reduced diphosphopyridine nucleotide (DPNH) or the reduction 
of diphosphonucleotide (DPN) using pyruvic or lactic acid, respectively. 

LDH 
Pyruvie acid + DPNH lactic acid + DPN 


The equilibrium of the reaction greatly favors pyruvate reduction; therefore, the former 
method was considered more ideal.6 LDH activity was assayed by the method of Hill and 
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Levi as modified by White.7 A Beekman DU spectrophotometer was used for all measure- 
ments. The activity is expressed as units per 0.01 ml. of serum per 30 minutes. 
equals a decrease in optical density of 0.001. 


One unit 


Glutamic Oxalacetic Transaminase-—GOT was assayed by the method of Karmen 


as 
modified by Hergt and Langin.s All assays were run at 25° C. using a Beekman DU 


spectrophotometer. One unit of GOT activity is equal to a decrease in optical density of 


0.001 per ml. of serum per minute at 25° C. 


RESULTS 

The serum LDIL activities of 31 healthy nonpregnant women ranged from 
43 to 106 LDH units, with a mean of 74 +5. The 100 pregnant women exhibited 
serum activity from 42 to 119 LDIL units with a mean of 75 +6 (Table I). The 
LLDIL activities of the pregnant and nonpregnant subjects were compared to the 
period of gestation, age, body weight (Table IL), and number of pregnancies 
(Table IIL). These were not found to be significant variables. The serum 
GOT activities of 25 healthy nonpregnant women ranged from 7 to 31 GOT 
units with a mean of 16 +6. The serum activities in the 100 pregnant women 
ranged from 9 to 33 GOT units with a mean of 20 +5. 


TABLE I, RESULTS OF STATISTICAL Stupy OF GOT AND LDH VALUES IN NONPREGNANT AND 
PREGNANT WOMEN 


| NO. OF 

GROUP | DETERMINATIONS RANGE MEAN 
GOT 

Nonpregnant 25 7- 31 16+ 6 

Pregnant 100 7- 33 20 + 5 
LDH 

Nonpregnant 31 43-106 74+5 

Pregnant 100 42-119 75 +6 


Numbers preceded by + are standard deviations. 


The “t’ test of significance was applied to difference between means of the nonpregnant 
controls and the pregnant values. Probability for chance occurrence of this difference was 
> 0.20. 


To evaluate the statistical significance of the GOT and LDH results the 
“t” test of significance’ was applied to the difference between the means for 
the nonpregnant and pregnant values (Table I). The probability for chance 
occurrence of the difference in each case was > 0.20 indicating no statistically 
significant difference between the nonpregnant and pregnant groups. 


DISCUSSION 

According to the statistical study done on the results of the serum LDH 
activities determined on 100 normal pregnant subjects there was no statis- 
tically significant difference between the nonpregnant and pregnant groups. 
Tables Il and Il] demonstrate that the increased LDH activities were minimal ; 
furthermore in no case was there a significant correlation with the period of 
gestation or number of pregnancies. Age and body weight had no significant 
effect on the enzyme activity (Table 11). The age range of the pregnant sub- 
jeets was 18 to 42 years. Hill found higher activities in children, but stated 
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that the adult range of activity “is approached at about 14 years of age.’"” 
Since our study contained no subjects under 14 years we could make no con- 
firmation of this finding. 


TABLE IIL. 


Serum LDH Activity IN RELATION TO NUMBER OF PREGNANCIES 


| LDH UNITS 
| xo.or | DISTRIBUTION 
GROUP | GRAVIDA | SUBJECTS | < 106 107-119 RANGE MEAN 

Nonpregnant - 31 31 0 43-106 74 
Pregnant 1 25 23 2 52-115 73 
2 22 18 4 48-119 81 

3 20 20 0 42- 84 65 

4 12 11 1 54-118 74 

5 11 11 0 53-102 73 

6 9 9 0 45-102 74 

7 1 1 0 71 71 

Total 100 93 7 42-119 74 


*Normal pregnancies. 


MacDonald* measured LDH activity in 174 subjects. Five pregnant sub- 
jects were included in his study. Only one had an elevated LDH activity and 
this elevation was minimal. 

Hsieh, Suntzeff, and Cowdry" studied LDH activity in pregnant mice. 
They reported normal values during pregnancy in mice. In principle these re- 
sults are in consonance with those obtained in the present study. 

After this research was completed a report on lactic dehydrogenase ac- 
tivity in pregnant women was published by Brody.'? His study consisted of 
10 normal pregnancies (7 weeks to term), 5 cases of abortion, and 5 eases of 
toxemias. In all of his 10 normal pregnant subjects the LDH activities were 
within normal range. It is of interest that his results on a much smaller group 
are analogous to the findings reported in this study. 

GOT activities were determined on 100 pregnant women. Statistically 
there was no significant difference between the results in this group and those 
obtained in the nonpregnant group. 

It has been shown that the determination of serum LDH and GOT ae- 
tivities may be used as adjuncts in the diagnosis of diseases such as myocardial 
infaretion and viral hepatitis. '’* The present investigation would indieate 
that LDH and GOT determinations may be relied on in the diagnosis of these 
disease conditions in pregnant subjects. 


SUMMARY 


Serum LDIL and GOT aetivities were determined on 31 nonpregnant and 
100 normal pregnant subjects. 


There were no statistically significant differences in the results for LDH 
and GOT activities in the nonpregnant and pregnant groups. 

Period of gestation, number of pregnancies, age, and body weight were 
not significant variables. 

Normal pregnaney does not appear to influence serum LDH or GOT ae- 
tivities. 
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PENETRATION OF HUMAN RED CELLS BY PENICILLIN, 
CHLORAMPHENICOL, AND TETRACYCLINE 
KENNETH C. Watson, M.D. 

DuRBAN, Soutn AFRICA 


N A number of infectious disease states intracellular parasitism plays an im- 

portant part in the pathogenesis of infection. Apart from viral and rickett- 
sial infections intracellular location of viable organisms is also a feature of cer- 
tain bacterial diseases, in particular, tuberculosis, brucellosis, and typhoid 
fever. The importance of this host-parasite relationship has become more ob- 
vious following the introduction of specifie forms of antibiotic therapy, since 
it has become apparent that the intracellular location of the organism may serve 
to protect it from the action of circulating antibiotic. However, the method of 
such protection is far from clear. It may be that in certain cases the antibiotic 
is unable to pass the cell wall barrier or it may be that the drug is inactivated 
by intracellular cytoplasmie components. It is also probable that different 
types of tissue cell vary in their ability to allow the passage of antibiotic 
agents through the cell wall. 

The results presented here are concerned with the penetration of 3 anti- 
bioties into one particular type of cell, namely, the human red eell. The red 
cell provides a eonvenient experimental model for this type of investigation 
though it is realized that the results are not necessarily applicable to other 


tvpes of tissue cell. 


MATERIALS AND METHODS 


Stock Antibiotic Solutions—These were prepared in sterile 0.85 per cent saline in the 
following concentrations: penicillin (crystalline penicillin G) 1,000 units per milliliter; 
chloramphenicol and tetracycline, each 1,000 yg per milliliter. Stock solutions were store: 


in the Deepfreeze without loss of potency during the period of investigation. 
Test Antibiotic Solutions.—These were prepared on the day of test by dilution of the 
stock solutions in sterile 0.85 per cent saline to the required concentration. 


Red Cells.—Fresh defibrinated blood was collected in 20 ml. amounts from donors in 


sterile Erlenmeyer flasks containing glass beads. The blood was centrifuged for 5 minutes 
at 3,000 r.p.m. The supernatant plasma and buffy coat cells were removed. The packed red 


cells were then treated with antibiotic solutions as described below. 


Antibiotic Assays.—These were carried out in nutrient digest broth* using serial dou 
bling dilutions of the test substance in 0.5 ml. amounts. The test organism employed was 
Staphylococcus pyogenes var. aureus (N.C.T.C.—6571). The inoculum consisted of an 0.01 
ml, volume of an 8-hour digest broth culture. Assay tubes were incubated for 24 hours and 
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the presence or absence of growth was checked by making Gram stained films and by sub 
culturing onto blood agar plates which were incubated for a further 24 hours. Antibiotic 
standard solutions were included in each set of assays. 


RESULTS 
The following experimental procedures were carried out. 


Penetration of Red Cells by Penicillin —This experiment was designed to 
determine whether penicillin would penetrate normal human red cells. One 
milliliter quantities of penicillin solution (200 units per milliliter) were added to 
aliquot amounts of red cells in 8 sterile 3 by 14 inch tubes. The tubes were then 
incubated at 37.0° C. with continuous gentle shaking for periods of 15 minutes 
to 6 hours. The tubes were centrifuged at 3,000 r.p.m. for five minutes and the 
supernatant was removed. The cells were then transferred to sterile universal 
containers and washed 3 times with sterile 0.85 per cent saline, in 25 ml. 
amounts. Two milliliter quantities of the final wash were retained for anti- 
biotic assay. To the deposited packed cells was added 0.5 ml. volumes of sterile 
distilled water and hemolysis was assisted by repeated freeze-thawing. The 
disrupted cell suspensions were assayed for antibiotic content. Control cells 
treated as above, except for the addition of penicillin, were included. Results 
of a typical experiment are detailed in Table I, which shows the content of 


penicillin after 3 hours’ ineubation of cells plus antibiotic. 


TABLE I, PENICILLIN IN Rep CeLLs (3 Hours’ INCUBATION ) 


j TUBES 
» 
Antibiotie treated cells = 
Control cells + + + + + 
Final saline wash + + + + 
+ Growth = No growth. 


Concentration of penicillin in Tube 1 (Dil. 144) approximately 5 units per milliliter, Le., 
approximately 10 per cent of the extracellular fluid concentration 


The concentration of penicillin in the cells was approximately 10 per cent 
of that in the extracellular fluid. However, the initial coneentration in the 


cells may have been higher sinee a certain amount of loss may take place owing 
to diffusion into the washing fluid. Any such loss is probably of small amount 


since repeated washing of the cells in saline does not appreciably reduce the 
cell antibiotic content. In addition, the results refleet the presence of active 
penicillin only and do not allow for antibiotic which might conceivably be 
bound to eytoplasmie components and thus be inactivated. 

The slope of the curve obtained by plotting penicillin cell content against 
time of incubation of cells with antibiotie rises steeply, maximal coneentration 
being obtained in the first 30 minutes. Serial samples assayed at intervals of in- 
cubation between 30 minutes and 6 hours did not appear to contain additional 
amounts of penicillin. 


The Effect of Plasma on Penicillin Uptake by Red Cells.—Ilt was thought 
that the penetration of red cells by penicillin might in some way be determined 
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by the presence of a plasma component which might allow for adsorption of the 
molecule to the cell surface. To investigate this point the above experiment 
Was repeated using 2 aliquot portions of red cells. To the one was added 
penicillin dissolved in the homologous plasma and to the other penicillin’ in 
saline. Assay results are shown in Table II. 


TABLE II, Errect 0F PLASMA ON PENICILLIN UPTAKE BY RED CELLS (2 HOURS’ INCUBATION ) 


TUBES 


Antibiotie in plasma + cells 
Antibiotic in saline + cells 
Control cells + 


+ = Growth. - No growth 


The results detailed in Table IT would seem to indicate that the cell uptake 
of penicillin is independent of the presenee of any plasma factor and that the 
antibiotic can pass directly into the cell. 


Distribution of Penicillin Within the Red Cell._—It seemed likely that if 
penicillin were adsorbed firmly to the red cell surface then it might not be pos- 
sible to remove it by washing in a physiologic salt solution. In this event sub- 
sequent assay might lead to the conclusion that the antibiotic was intracellular 
whereas its distribution in the cell might well be confined to the external cell 
surface. The following procedure seemed to resolve this point to some extent. 

One and one-half milliliter aliquot volumes of red cells and penicillin solu- 
tion (final concentration, 400 units per milliliter) were incubated at 37.0° C. for 
2 hours. The cells were then washed with saline as described. Twenty milli- 
liters of sterile distilled water was added to the deposited cells and after 20 
minutes at room temperature the hemolyzed blood was centrifuged at 5,000 
r.p.m. for 30 minutes. The supernatant hemoglobin solution was removed and 
retained for assay. The deposited cell ‘‘ghost’’ membranes were then washed 
twice in 20 ml. of distilled water to free them from hemoglobin as far as possi- 
ble. The membranes were then assayed for antibiotic content. Results are 


shown in Table TIT. 


TABLE ILI. DISTRIBUTION OF PENICILLIN BETWEEN CELL MEMBRANES AND HEMOGLOBIN 


TUBES 


2 3 4 7 9 10 
Hemoglobin fraction + 


+ Growth. No growth. 


Table III shows that no penicillin was deteeted on the cell membranes 
and that growth occurred in the first tube. This does not imply that penicillin 
was not adsorbed to the cell membrane before washing since it may have 
been eluted into the washing fluid, but such a combination, if it exists, must 
he of loose type. The hemoglobin solution, on the other hand, contained 
appreciable amounts of penicillin approximately to a concentration of 10 per 
cent of the initial extracellular concentration suggesting that most, if not all, 
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of the penicillin exists in the hemoglobin fraction. Essentially similar results 
were obtained with rabbit cells. These were employed since the ‘‘ghosts’’ of 
rabbit red cells are more easily rendered free of hemoglobin than is the ease 
with human red cells. In order to determine the distribution of penicillin 
within the hemoglobin fraction the above experiment was repeated and the 
hemoglobin antibiotic containing solution was dialyzed against running tap 
water for 36 hours. Subsequent assay of the solution and of an aliquot from 
the same sample which had not been dialyzed failed to demonstrate any peni- 
cillin in the former (Table IV). 


TABLE LV. PENICILLIN IN HEMOGLOBIN FRACTION BEFORE AND AFTER DIALYSIS 


TUBES 
5 6 
Fraction 1 (nondialyzed ) 
Fraction 2 (dialyzed) 


+ Growth. No growth. 


These findings suggest that penicillin exists in the hemoglobin fraction 
in a state of simple solution and is not bound to any specific part of the hemo- 
globin molecule. 


Penetration of Red Cells by Chloramphenicol_—The experimental pro- 
cedure involved was similar to that in the ease of penicillin. Final chloram- 
phenicol concentrations tested ranged from 25 to 250 pg per milliliter. The 
results of a typical experiment are shown in Table V. 


TABLE V. CHLORAMPHENICOL IN Rep CELLS (3 HouRS’ INCUBATION ) 
TUBES 


Chloramphenicol + cells ( 25 pg/ml.) 
Chloramphenicol cells (100 ywg/ml.) 
Chloramphenicol cells (250 ywg/ml.) 
Control cells 


+ = Growth. 
Repeated attempts with this technique failed to demonstrate the presence 
of chloramphenicol within the red cell. The antibiotic appears to be loosely 


adsorbed to the cell surface and most of it is removed in the early washings. 
Red cells suspended in saline have a negative electrostatic charge whereas the 


chloramphenicol molecule is positively charged in virtue of its primary amino 
group. The resultant effect would be to allow for adsorption of the drug to 
the cell surface, but the adsorption does not appear to be of firm type. In- 
creasing the period of incubation up to 6 hours did not affect the results. 


Effects of Chloramphenicol on Trypsinized Red Cells—The above experi- 
ment was repeated using fresh trypsinized cells in place of normal cells. These 
were prepared according to the method of Morton and Pickles.'| Assay results 
again failed to show chloramphenicol within the cells either attached to the 
membranes or within the hemoglobin fraction. This is perhaps not unexpected 


+ + + + : 
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since trypsin will not affect the lipoid structure of the cell wall and it is pos- 
sible that the high lipoid content of the red cell wall is the main barrier to the 
passage of antibioties. 

Penetration of Red Cells by Tetracycline.—Red cells were treated as be- 
fore with varying concentrations of tetracycline. Table VI shows the results 
obtained following an ineubation period of 3 hours. 


TABLE VI. TETRACYCLINE IN Rep CELLS (3 Hours’ INCUBATION) 
“TUBES 


Tetracycline + cells (125 ml. ) 
Tetracycline + cells (12.5 ‘ml.) 
Tetracycline + cells (1.2% ml.) 
Control cells 

+ = Growth. No growth. 


Concentration in original washed cells approximately 45 to 50 per cent of that 
extracellular fluid. 


in the 

Tetracyeline appears to be able to pass the cell wall barrier to a greater 
concentration than penicillin. Varying the period of initial ineubation be- 
tween 30 minutes and 6 hours did not appreciably alter the final result, and 
the slope of the eurve obtained by plotting cell concentration of antibiotic 
against time of incubation was similar to that for penicillin. 


Approximately 
15 to 50 per cent of the extracellular concentration was found in the eells. 
Here again the antibiotic appeared to be in simple solution in the hemoglobin 


fraction. 
DISCUSSION 


The results detailed above show that there are apparent differences in the 
ability of various antibiotics to pass the red cell wall barrier. In the ease of 
penicillin the concentration was about 10 per cent of that in the extracellular 
fluid, while the concentration of tetracycline was of the order of 45 to 50 per 
cent. Rammelkamp and Keefer? found a red cell concentration of penicillin 
of about 8 per cent. In the case of chloramphenicol no evidence of passage into 
the red cell was obtained. Glazko, Wolf, and Dill* found that chloramphenicol 
appears to be attached to the red cell surface by adsorption but they also failed 
to demonstrate it within the cell. With regard to the penetration of other types 
of cells by chloramphenicol, Smith, Worrel, and Swanson* have shown that it 
inhibits the esterases of bacteria and crystalline liver esterase, but that the 
esterase of animal mitochondria is not so inhibited suggesting that there is a 
barrier to the passage of the antibiotie at the cell wall. 

We have not attempted to discuss the kinetics of the passage of antibiotic 
into the red cell. This is at present under investigation in the case of penicillin. 
Hlowever, it would seem that in view of the differences in results obtained with 
penicillin and chloramphenicol it is probable that additional factors are con- 
cerned other than mere diffusion through the membrane due to differences 
in molecular size. Both chloramphenicol and penicillin have small molecules 


(323 and 356, respectively). The electrostatic forces which may operate at the 


1 2 3 4 5 6 7 8 9 10° 
| 


PENETRATION OF HUMAN RED CELLS 

red cell surface in the ease of chloramphenicol may result in fixation of the 
molecule at the cell surface and prevent its further passage into the cell. It may 
also be that combination of the antibiotic molecule with some chemical group 
on the cell surface is a necessary preliminary step before it can pass the cell wall 
barrier, but there is no direct evidence that this is so. 


An alternative explanation can be offered for the failure to demonstrate 
chloramphenicol within the red cell; namely, that inactivation may take place 
due to binding to a cellular component. It is known, for example, that anti- 
microbial activity may be inhibited in tissue by substances such as nucleic 
acids, keto acids, pyridoxal, and para-aminobenzoie acid (Dubos'). 


It has been pointed out that results obtained with an experimental model 
of the red cell type are not necessarily applicable to other cells. It is known 
that some antibioties may exert a specific action on certain types of cells but 
not on others. Gramicidin, for example, is toxic to red cells and to spermatozoa, 
producing lysis of the former, but has no effect on other tissue cells. These 
observations suggest that the selective action may be due to differences in the 
ability of the antibiotic to pass the cell wall barrier or to be adsorbed to cell 
surface receptor sites, if such a mechanism exists. Such differences are pre- 
sumably a reflection of the chemical structure of the cell membrane. However, 
we have investigated the penetration of normal buffy coat white cells, leukemic 
white cells, and guinea pig peritoneal exudate cells by chloramphenicol and 
penicillin and have obtained results more or less similar to those obtained with 
red cells. 

A limited number of investigations have been carried out to determine the 
effect of antibiotics on viable intracellular organisms. Mackaness® studied the 
action of various antibiotics on tuberele bacilli contained within monocytes 
in vitro. He found that streptomyein could inhibit the growth of such organ- 
isms but that very much higher concentrations were required in the extra- 
cellular fluid to inhibit the intracellular organisms than were required to 
inhibit the same organisms outside the cells. Suter’ reported somewhat similar 
findings with streptomycin and tubercle bacilli. Magoffin and Spink*® on the 
other hand, found that phagocytosed forms of brucella organisms were protected 
from the effeet of streptomyein. Our own findings with phagocytosed forms 
of Salmonella typhi in vitro also seemed to indicate protection from the effect 
of streptomycin (Watson*). These results are not necessarily contradictory 
since the effect of streptomycin will depend on (1) the type of organism, (2) 
the concentration of antibiotic in the extracellular fluid, and (3) the state of 
the organism within the phagocytie cell, ie., whether or not it exists in a 
phagocytic vacuole. Mackaness® also found that both Terramyein and vio- 
mycin were able to inhibit intracellular tuberele bacilli but that para-amino- 
salicylic acid had no such effect. Mackaness noted that Terramycin was 
equally active against intracellular tuberele bacilli and bacilli grown in Dubos’ 
medium. This lends support to the view that drugs containing the basic tetra- 
cyeline group are able to penetrate the cell wall barrier more readily than 
others. 
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Results obtained with in vitro type experiments using phagocytosed organ- 
isms may have little relation to events occurring in vivo since the biochemical 
environments in the two cases may be quite different. It is known, for example, 
that explants from splenie tissue of animals infected with tubercle bacilli 
in Vivo are soon overgrown by the organisms in in vitro culture whereas this 
effect in vivo is not apparent. It is also known that a lowering of the oxida- 
tion-reduction potential of tissue may inhibit the growth of tubercle bacilli. 
Such observations may be indicative of changes in metabolic processes taking 
place at the cell wall and consequently the ability of an antibiotic to inhibit an 
intracellular organism in vitro may not reflect its in vivo action. Again, if an 
antibiotic passes into a cell in active form it does not follow that intracellular 
organisms will be affected by its presence. In the case of phagocytosed forms of 
S. typhi, for example, the organisms appear to be located in a vacuole within 
the cell. These vacuoles would appear to possess some form of limiting mem- 
brane which may hinder antibiotic passage into them. With other phagocytosed 
organisms, however, such as the tubercle bacillus, it appears that they lie free 
in the cell cytoplasm and this may be part of the explanation for the differences 
observed between tubercle bacilli on one hand and brueella organisms and 
S. typhi on the other, with regard to the action of streptomycin. Another factor 
which may affect the action of intracellular antibiotic is the pH of the phago- 
cytic vacuole. It has been known for many years that phagocytosis of certain 
substances is followed by a marked fall in the pH of the phagocytie vacuole. 
If similar pH changes accompany the phagocytosis of certain bacteria there 
may well be inactivation of antibiotics such as streptomycin whose optimum 
activity is on the alkaline side. 

One of our main interests relating to the effeet of antibiotics on intra- 
cellular parasites has been concerned with the action of chloramphenicol on 
phagocytosed forms of S. typhi. In particular we have been interested in the 
role which these organisms may play in initiating the relapse phase of illness 
(Watson'’). The results reported here support to some extent the view that 
these organisms may be protected from cireulating chloramphenicol and are 
potentially available to bring about clinical relapse. 


SUMMARY 
The ability of 3 antibioties, penicillin, chloramphenicol, and tetracycline, 
to penetrate human red cells was investigated. Penicillin appears to be able 
to penetrate the cell wall to approximately 10 per cent of the extracellular 
concentration, and the distribution of the antibiotic within the cell appears 
to be in the hemoglobin solution in a state of simple solution. Tetracyeline 
appears to pass into the red cell to a greater extent than penicillin, but chlor- 
amphenicol was found to be unable to pass the cell wall barrier in active form 
in the concentrations employed. 

The relationship of these findings to some of the problems of intracellular 
parasitism is discussed. 
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COMPARATIVE EFFECTS OF ADRENAL ENUCLEATION AND 
ADRENAL PEDICLE LIGATION ON BLOOD PRESSURE 
IN RATS 
G. M. C. Masson, Pu.D., anp A. C. Corcoran, M.D. 
CLEVELAND, OHIO 


DRENAL enucleation with contralateral adrenalectomy elicits hypertensive 
A disease in rats. During a recent study we reviewed other adrenal manipu- 
lations which have been described as causing hypertension and, among these, 
selected ligation of the adrenal vascular pedicle with contralateral adrenalee- 
tomy as most likely to have the effeets of adrenal enucleation.2. This procedure 
had been deseribed by Poumeau-Delille and associates,’ who applied it to rats 
of widely varying size and noted, in passing, the occurrence of hypertension in 
a few of them. 

The present report deseribes the effects of this procedure on blood pres- 
sure and the vasculature of young rats; these have been shown to be more 
susceptible to the hypertensive effect of adrenal regeneration than older rats.’ 
We also describe below the effeets of excess salt on the process and further 
compare the course of this hypertension with that provoked by adrenal enu- 
cleation. 


METHODS 


In a first experimental series, Sprague Dawley male rats weighing 90 to 110 grams 
were divided into 4 groups: adrenal enucleation was performed in Groups I and II and 
adrenal pedicle ligation in Groups III and IV. These two surgical procedures were as- 
sociated with uninephrectomy and uniadrenalectomy. After the operations, all the rats 
were given 1 per cent saline to drink in order to counteract the effects of the transient 
postoperative adrenal insufficiency. On the tenth day, saline was replaced by tap water 
in Groups I and IIT. Blood pressure was taken once a week.5 The animals were sacrificed 
on the seventh postoperative week; tissues were fixed in Susa’s fluid, weighed, and examined 
microscopically following staining with periodie acid fuchsin. 

In a second experimental series, 24 rats weighing 90 to 115 grams were divided into 
2 groups in which the adrenals were either enucleated or ligated. The techniques of 
adrenal pedicle ligation in the two experimental series were slightly different. In the 
first series, the adrenal was gently pulled out and a ligature placed around the vascular 
pedicle and the surrounding periadrenal fat, In the second series, most of the periadrenal 
fat was dissected away exposing the vascular pedicle which was ligated, All the rats had 


1 per cent saline to drink, On the sixtieth day when chronic hypertension was established, 
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attempts were made to reverse the process by substituting water for saline or adding 
hydralazine* to the drinking water at the dose level of 5 mg. per 100 ml. of fluid. The 
animals were sacrificed one month later and autopsied as above. 


RESULTS 


First Experimental Series —Rats subjected to adrenal enucleation and 
those with adrenal pedicle ligation differed somewhat during the first post- 
operative week in that adrenal insufficiency, which was present in both groups, 
was more severe in those with ligated adrenal pedicles. This was indicated 
by an initial loss of weight, delayed and slow growth, delayed inerease in 
blood pressure, and greater initial mortality in rats with ligated pedicles. 

This insufficiency, with its increased susceptibility to stress, such as that 
involved in measuring arterial pressure, delayed our making these measure- 
ments and also delayed replacement of saline with tap water in Groups I and 
Ill. As to mortality, there were only 2 deaths out of 21 rats with adrenal 
enucleation during the first 9 days of the experiment, while 9 died in a like 
group after pedicle ligation. 


TABLE I, PRESSOR AND MORPHOLOGIC EFFECTS OF ADRENAL ENUCLEATION AND ADRENAL 
PEDICLE LIGATION 


PER CENT OF RATS WITH HEART KIDNEY 


BLOOD PRESSURE OVER WEIGHT* WEIGHT* 
GROUPS AND TREATMENT 150 MM. Hg 200 MM. Hg (GM. ) (GM. ) 

I. Adrenal enucleation 3: 0 0.32 0.65 
plus water (0.25 to 0.48 0.56 vo 0.95 
Adrenal enucleation 0.45 1.04 
plus saline (0.35 to 0.67 ) (0.66 to 1.43 
Adrenal pedicle d 0.28 0.63 


ligation plus water (0.25 to 0.32 (0.55 to 0.73 


*. Adrenal pedicle 100 5 0.34 0.73 
ligation plus saline (027 to 0.48) 0.68 to 0.81) 


*Expressed in per cent of body weight. 


Data from rats surviving more than 9 days are presented in Table I. 
These show that adrenal pedicle ligation has effects on blood pressure, heart 
weight, and kidney weight similar to those elicited by adrenal enucleation and 
that the hypertension is more common and severe when salt water is substi- 
tuted for tap water. It should be noted that provision of water instead of salt 
did not wholly prevent the development of hypertension from either enuclea- 
tion or ligation. At autopsy, the gross appearances of the organs and vessels 
of those animals which received salt were similar to those previously de- 
scribed® in hypertensive animals, with cardiae enlargement and searring, kid- 
ney enlargement, and nephrosclerosis, and mesenteri¢ arteritis; no gross ab- 
normalities were evident in animals given tap water. 

The microscopic lesion in heart, kidney, and mesenteric vessels were severe 
and similar in the salt-treated rats (Groups II and IV) (Fig. 1). Slight but 
definite lesions were also present in the rats given tap water (Groups I and 


*Apresoline; Ciba Pharmaceutical Products, Inc., Summit, N. J. 


788 MASSON AND CORCORAN J. Lab. & Clin. Med. 


May, 1958 


Ill), but they 
necrosis of the 


were limited to the kidney and consisted of focal fibrinoid 
glomerular tuft, thickening of glomerular and tubular mem- 
branes, and oceasional casts (Fig. 1); they were found only in those rats given 
tap water that developed blood pressures as high as 170 mm. Hg. No medul- 
lary tissue could be detected in the adrenals of either the enucleated or pedicle- 
ligated groups; the regenerated adrenal cortical tissue seemed morphologically 


Fig. 1.—Tissues from rats with ligated adrenal pedicles that received 1 per cent saline 
(A and B), tap water (C), or saline followed by tap water (D) as drinking fluid. PAS stain. 
A, Kidney showing hyalinization of glomeruli, thickening of glomerular and tubular mem- 
branes, atrophy and dilatation of tubules, and hyalin casts. (Magnification «130; reduced %.) 
B, Mesenteric artery showing acute panarteritis. (Magnification 165; reduced %.) C, 
Kidney showing focal fibrinoid necrosis with synechiae in glomeruli, enlarged tubules, and 
thickening of basement membranes. (Magnification x130; reduced %.) D, Two hypertrophied 
pancreatic arterioles showing healing with resolution of inflammatory exudate and prolifera- 
tion of connective tissue. (Magnification «550; reduced %.) 


Volume 51 BLOOD PRESSURE IN RATS 789 
Number 5 

normal in rats with pedicle ligation, whereas in the enucleated series it was 
irregular, with formation of smal] cortical adenoma and of a central core of 
fibrous tissue, calcium salts, and altered blood. 


Body 
weight, 
grome 


220-4 


—— Adrenal enuciestion 
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T 
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Fig. 2.—Comparative body weight and blood pressure changes in rats with adrenal enucleation 
and in rats with ligated adrenal pedicle. 

Second Experimental Series—In this series, mortality following pedicle 
ligation was less than in the first series; only 2 animals out of 12 died during 
the first postoperative week. The survivors showed initial weight loss but 
soon began to grow at the rate similar to that in animals with adrenal enu- 
cleation (Fig. 2). Henee, it appears that the technique of ligation used in this 
group caused only a little more adrenal insufficiency than resulted from enu- 
cleation. In the 10 survivors, the blood pressure rose sharply to hypertensive 
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levels at about the fifteenth day (Fig. 2); on the thirtieth day all the rats but 
one were consistently hypertensive and 3 had pressures of more than 200 
mm. Hg. This sequence of events was similar to that in rats with adrenal 
enucleation; all these survived the operative procedures, and on the thirtieth 
day all had pressures higher than 150 mm. Hg, 4 of them with pressures of 
more than 200 mm. Hg. 

On the sixtieth postoperative day, surviving animals of both groups were 
evenly divided in 2 new groups of 8 animals each, composed respectively of 
4 rats with enucleated and 4 with ligated adrenals. The saline given as drink 
was replaced either with tap water or aqueous hydralazine. At the next de- 
termination of arterial pressure, it was found to have decreased substantially 
in both groups regardless of the operative procedure, and only to a slightly 
greater degree in those given hydralazine (mean decrease of 20 and 37 mm. 
Hg, respectively in the tap water group and the hydralazine group). On the 
ninetieth day 2 rats of the group receiving tap water and 5 of the groups re- 
ceiving hydralazine were normotensive (systolic pressure less than 150 mm. 
Hg), and none of either group had pressures greater than 180 mm. Hg. At 
autopsy, heart and kidney weights were equal in both groups. 

Microscopically, the striking changes caused by treatment with water 
alone or with added hydralazine consisted in the absence of progressive mesen- 
teric arteritis and in evidences of healing of these lesions, with replacement of 
the inflammatory exudate with collagenous and elastie fibers (Fig. 1). Nephro- 
sclerosis persisted in the kidneys. In the absence of a 90-day untreated con- 
trol group, it was impossible to evaluate the effect of treatment on the renal 
vascular bed. 

DISCUSSION 


The experiments show a striking parallelism between the effects of adrenal 
pedicle ligation and those of adrenal enucleation with regard to the oceurrence 
of hypertension and hypertensive vaseular disease. This similarity indicates 
that the hypertension resulting from these procedures depends on a similar 
mechanism. The morphology of the adrenals regenerating after pedicle liga- 
tion is, except for the absence of medullary cells, normal. This in turn demon- 
strates that the enucleation hypertension is not dependent upon adenomatous 
regeneration, with its possible implication of abnormal steroid synthesis in 
these areas. Indeed, as demonstrated elsewhere,’ the secretion patterns of 
enucleated regenerating adrenals are essentially normal in distribution al- 
though somewhat deficient in quantitative response to ACTH stimulation. 

The experience confirms the findings of Poumeau-Delille and co-workers,* 
although this was only an incidental finding in his series of rats with adrenal 
pedicle ligation. The greater frequency of hypertension in the present ex- 
periments is presumably dependent in part upon the associated uninephree- 
tomy and also, on the use of young animals, which, as noted above, are more 
susceptible to enucleation hypertension. 

The means of blood pressures in control sham-operated rats and in enu- 
cleated rats given tap water were nearly the same in Skelton’s series; however, 
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in 1 of 10 enucleated tap water treated animals, he did note slight nephro- 
sclerosis, suggesting that this animal might have been hypertensive.” Our 
experience confirms the view that enucleation, and also ligation hypertension, 
are greatly enhanced upon provision for excess NaCl. However, this is not 
unequivocally an absolute dependence since mild hypertension and hyper- 
tensive vascular disease may appear in ligated or enucleated animals given 
no more salt than that in the daily ration of Purina Fox Chow. Salt enhanee- 
ment is seen in establishing the onset of hypertension; it participates to a great 
degree also in the maintenance of hypertension since substitution of tap water 
for saline is only a little less effective in eausing remission of hypertension 
than this plus the addition of hydralazine, a potent antipressor agent. 

The vascular lesions occurring during the hypertensive disease conse- 
quent on adrenal pedicle ligation are identical with those seen after adrenal 
enucleation and require no further comment or description.” The remission of 
the mesenteric arteritis observed in hypertensive animals treated with tap 
water or tap water plus hydralazine is significant in that it further bears out 
the association between hypertension and hypertensive disease and also con- 
firms our view that the mesenteric lesions of the rat are expressions of hyper- 
tensive vascular disease and henee not comparable with periarteritis nodosa. 

The pathogenesis of the hypertension elicited by adrenal enucleation or 
pedicle ligation remains obscure. The experiments with pedicle ligation are 
consistent with our previously stated concept? that the hypertension conse- 
quent on enucleation may represent a state of vascular hyperactivity to the 
returning normal steroid secretions, this hyperactivity having developed dur- 
ing the period of postoperative adrenal insufficiency. They further show that 
the period of insufficiency is not a critical one, since insufficiency persists 


longer after ligation than after enucleation. However, as indicated previously, 
the evidence to support this concept is only indirect. 


SUMMARY 
1. Ligation of the adrenal vaseular pedicle, like adrenal enucleation, in- 
duces an hypertensive state in uniadrenalectomized uninephrectomized rats. 
2. The hypertension consequent on both procedures is greatly enhanced 
by provision of exeess sodium chloride, but it is not an absolute dependence. 
3. The remission of the hypertension in either group elicited by substitu- 
tion of water or water plus hydralazine for saline is associated with remission 
and repair of mesenteric arteritis. 


We are indebted to Miss Sheila Keefe and Mr. A. Roth for their able technical 
assistance. 
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LABORATORY METHODS 


A HISTOPLASMIN-LATEX AGGLUTINATION TEST 
I. Resutts Wirth ANIMAL SERA 
N. Caruiste, Pu.D., AND SAMUEL SAsSLAw, M.D., Px#.D. 
CoLUMBUS, OHIO 


HE antibody response to infections with Iistoplasma capsulatum has been 

studied most extensively with 3 types of tests: collodion agglutination,’ 
precipitin,’ and complement fixation.*"* All of these procedures have pre- 
sented difficulties to the small laboratory with limited personnel and facilities. 
The collodion agglutination test, in our experience, has been very useful in the 
detection of early active histoplasmosis, and is employed routinely in this 
laboratory concurrently with the yeast-phase complement fixation test.’ Al- 
though the collodion test is comparatively simple to perform, the prepara- 
tion of the collodion particles has deterred some laboratories from undertaking 


this procedure. Recent studies'® '* with commercially produced polystyrene 
latex particles in the latex-fixation test for rheumatoid arthritis suggested 


their use as a “carrier” for the histoplasmin antigen in a manner analogous to 
the collodion particle test. The purpose of this report is to compare an ag- 
glutination test using histoplasmin-sensitized latex particles to the collodion 
agglutination test for histoplasmosis. 


MATERIALS AND METHODS 


Latex Particles. -Polystyrene latex particles* were in the form of a thick, white semi- 
fluid suspension when received, The suspension contained 27.6 per cent total solids, and was 
composed of uniformly distributed, discrete particles about one micron in diameter. A 
stock suspension was prepared by diluting one volume of this material with approximately 
16 volumes of distilled water. The exact amount of distilled water used was such that a 
subsequent 1:100 dilution of the stock suspension yielded a final turbidity of 12 per cent 
light transmission in a Leitz Ruoy-photrometer at 535 mu. This opacity corresponds ap- 
proximately to the No. 10 MacFarland nephelometer tube. The stock latex suspension 
(1:17 dilution) was stored at 2° to 4° C. 


Histoplasmin.—Histoplasmin prepared in the usual manner!5 from H. capsulatum, 


strain G-13, was used in the majority of the studies. Commercial skin test histoplasmint 
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was used in a sufficient portion of the work to ensure that this type of material could be 
used satisfactorily. 


The Histoplasmin-Latex Test.—Antigen was prepared 1 to 2 hours before use by 
adding 0.5 ml. of the optimal dilution of histoplasmin and 0.1 ml. of stock latex suspension 
to 9.4 ml. of physiologic saline. A control antigen was prepared at the same time by mix- 
ing 9.9 ml. of saline and 0.1 ml. of stock latex suspension. Both suspensions were washed 
immediately prior to use by centrifuging at 2,400 r.p.m. for 12 minutes and resuspending 
in saline to the original volume. Serial twofold dilutions of serum inactivated at 56° C. 
for 30 minutes were prepared in saline in a final volume of 0.5 ml. A sufficient amount 
of the lowest dilution was prepared to provide an equal quantity for a control tube. Sen- 
sitized latex particles were added to all the tubes except the control tube which received 
unsensitized particles. All tubes were mixed thoroughly and kept at room temperature for 
2 hours and then centrifuged at 2,000 r.p.m. for 5 minutes in an International horizontal 
centrifuge (Size 2). Readings were then made with the aid of a microscope mirror by 
gentle flicking or tapping of the tubes, Agglutinations were considered to be 4+ when 
most of the agglutinated particles were 1 to 2 mm, in size. Weaker reactions were graded 
as 3+, 2+, or 1+ depending on the size of the clumps and the appearance of the background as 
in any agglutination test. In the 1+ reaction, the agglutination was fine, but readily dis- 
tinguishable from the control tube. Doubtful tubes which required more lengthy com- 
parison with the control were read as +. 

Certain of the above conditions for performing the test were found to be not eritical, 
and could be varied without appreciably affecting results. For example, the concentration 
of latex particles in the antigen could be varied as much as 25 per cent more or less than 
the recommended concentration. It was found further that antigen could be used any time 
from 1 to 3 hours after mixing. Inactivation of serum samples was found to be not neces- 
sary although control tubes in tests carried out on inactivated samples were somewhat 
smoother. Fresh physiologic saline proved to be suitable for use as a diluent in the test. 
It was not found necessary to use the borate buffer recommended in the latex-fixation test 
for rheumatoid arthritis.15, 14 

The above optimal conditions for performing the histoplasmin-latex test were estab- 
lished by the use of serum specimens from artificially infected monkeys, immunized rab- 
bits, and from known human cases. The same technique proved to be applicable to sera 
from all 3 species. 


The Collodion Agglutination Test.—Procedures used in the preparation of materials and 


in the performance of collodion agglutination tests have been described previously.1-4 


RESULTS 


Standardization of Antigen.—The optimal dilution of histoplasmin was de- 
termined by titrating a known positive serum sample against latex particles 
sensitized with varying dilutions of histoplasmin, as shown in Table I. A 
total of 16 such cross titrations were carried out with strongly and weakly 
positive monkey, rabbit, and human sera. It was found that the same amount 
of histoplasmin was suitable for detecting antibody in both strongly and 
weakly positive sera. It was found further that there were no species dif- 
ferences in that the optimal dilution of histoplasmin was the same regardless 
of the species source of the serum. The optimal dilution of the current lot 
of G-13 histoplasmin prepared in this laboratory was arbitrarily selected as 
1:500 although little difference was noted within a range of 1:200 to 1:600 
(Table 1); 1:50 was the optimal dilution of the commercial skin test histo- 
plasmin (Lilly). 
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TABLE [. DETERMINATION OF OPTIMAL DILUTION OF HISTOPLASMIN (G-13) FOR LATEX 
AGGLUTINATION USING POSITIVE MONKEY SERUM 


“DILUTION OF HIS- 
TOPLASMIN 
BEFORE | FINAL 
MIXTURE WITH | HISTOPLAS- 
9.5 ML.LATEX | MIN SERUM DILUTIONS 
SUSPENSION* | DILUTION : (0.0 ML. ) 
(0.5 ML.) (IN 10 ML.) |1: 32 : 1:80 | 1:160 | 1:320 | 1:640 | 1:1,280 | 1:2,560 
4+ 1+ 
4+ 2+ 
4+ 3+ 


or 


1 

1 

1 

1 - 600 
l: :S00 
1 21,600 
1:160 23,200 
N 


one} one 


*Nine and four-tenths milliliters saline and 0.1 ml. stock latex suspension. 
+Optimal dilution of histoplasmin selected as 1 :300. 
tLatex control—particles without histoplasmin. 


TABLE II. COMPARATIVE RESULTS IN THE HISTOPLASMIN-LATEX AGGLUTINATION TEST USING 
WASHED AND UNWASHED ANTIGEN 


ANTIGEN NOT WASHED ‘ANTIGEN WASHED 


RECIPROCAL OF TITER RECIPROCAL OF TITER 
SERA | 5 20 | 40 | 80 |160/320/640) C* | 5) 10 20 | 40] 80 C* 


( Infected ¢ ‘ 2 9+ 1+ 


(Monkey) é - 4+ 
34 


Negative 
(Monkey) 


Rabbit ) 


3+ 


Negative 
( Rabbit 10 
Sera) 11 


*Latex control—particles without histoplasmin. 


Washing of Antigen.—It was found that the sensitivity of the latex ag- 
glutination test was increased slightly by washing the antigen onee in physio- 
logie saline immediately prior to use in the test. Washing was accomplished 
by centrifuging at 2400 r.p.m. for 12 minutes in 18 by 150 mm. Pyrex tubes 
and resuspending in saline to the original volume, 10 ml. The sedimented ma- 
terial was distributed evenly by 8 to 10 mixings with a 10 ml. pipette. Table 
II presents the results of parallel tests carried out on positive and negative 
rabbit and monkey sera using washed and unwashed antigens. 

Temperature and Duration of Incubation—The optimal ineubation tem- 
perature and time for histoplasmin-latex agglutination tests was established 
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by carrying out 15 separate titrations of the same positive serum sample and 
incubating simultaneously in water baths at different temperatures for dif- 
ferent lengths of time. Five of the 15 tests were incubated at 25° C., 5 at 
37° C., and 5 at 56° C. One test from each group was centrifuged and read 
after 30 minutes and 1, 2, 3, and 4 hours’ ineubation. The results, as depicted 
in Table III, are representative of this study. It can be seen that incubation 
at either room temperature or 37° C. for 2 to 4 hours was suitable. For con- 
venience, the same 2-hour, room-temperature incubation period which is used 
in the collodion agglutination test was adopted as the standard procedure for 
the latex agglutination test. 


TABLE III. COMPARISON OF DIFFERENT INCUBATION TIMES AND TEMPERATURES IN HISTOPLAS- 
MIN-LATEX AGGLUTINATION TEST USING POSITIVE RABBIT SERUM 


INCUBATION RECIPROCAL OF TITER 


TEMPERATURE (°C.)| TIME (HR.) | 10 | 20 | 40 | 80 | 160 | 320) 640 1,280| 2,560) 
0.5 4+ 4+ 4¢ 3+ Se + 
25 2 4+ 4+ 4+ 4+ 4+ 3+ = D+ 1+ + 
3 4+ 4+ 4+ 44 
4 4+ 4+ 4+ 3+ 14 


3+ 


*Latex control—particles without histoplasmin and 1:5 serum dilution. 


Centrifugation Prior to Reading of Tests—Preliminary observation indi- 
cated that centrifugation of histoplasmin-latex agglutination tests was neces- 
sary in order to obtain clear-cut, readable reactions. The speed and duration 
of the centrifugation was found to be eritical in that excessive speeds and 
times resulted in nonspecific agglutination in control tubes. The optimal con- 
ditions were established by centrifuging aliquot samples at different speeds for 
varying lengths of time in an International, Size 2, horizontal centrifuge 
(Table IV). As a result of this study, centrifugation at 2,000 r.p.m. for 5 
minutes was selected for use in histoplasmin-latex tests. 

Repeatability of Histoplasmin-Latexr Agglutination Tests —The reproduei- 
bility of results of any serologic technique is an important criterion of the 
value of that procedure. Table V lists the results obtained with 6 representa- 
tive positive samples in tests performed on different days. Although minor 
differences can be noted, the degree of variation between repeated tests is not 
out of the range of probability. 

Results With Animal Sera.—Histoplasmin-latex and histoplasmin-collodion 
agglutination tests were carried out on a total of 81 serum specimens from 


1 4+ 4+ 4+ 4+ + 
37 2 4+ 4+ 4+ + : 
3 d+ 4+ 4+ 4+ 4+ 3+ 2 14 + 
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3 4+ 4+ 3+ 2% + | 
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TaBLeE IV. Errect oF SPEED AND DURATION OF CENTRIFUGATION ON HISTOPLASMIN-LATEX 
AGGLUTINATION TESTS USING PosITivE RABBIT SERUM 


CENTRIFUGATION” RECIPROCAL OF TITER 
~ SPEED (R.P.M. ) TIME (MIN.) | 10 | 2 80 | 160 | 320 | 640 | 1,280 | 2,560 
1,500 4+ ; 2 2 2+ : 
1,500 . 4+ - 4+ 3+ 2+ 1+ 
1,500 4+ 4+ 4+ 3+ 2 1+ 
1,500 ( 4+ 4+ 4+ 4+ 2 2+ 
1,500 4- . 4+ 4+ 4+ 2 1+ 
2,000 3+ 3+ 2+ 1+ 
2,000 4+ 3+ 3+ 82+ 1+ 
2,000 4+ 4+ 4+ 44+ d 2+ 1+ 
2,000 4+ 4+ 4+ 4+ 2+ 1+ 
2,000 ¢ 4+ 4+ 4+ 3+ 1+ 
2 000 4+ 4+ 4+ 4+ $+ 3+ 1+ 
*Latex control—particles without histoplasmin. 


*+Five minutes at 2,000 r.p.m. selected as optimal because of highest titer without non- 
specific agglutination in control. 


Taspie V. REPEATABILITY OF RESULTS OF HISTOPLASMIN-LATEX AGGLUTINATION TESTS USING 
PosITIVE MONKEY AND RABBIT SERA 


SPECIMEN SAMPLE* RECIPROCAL TITER 
NUMBER NUMBER 2 40 | 80 | 160] 640 
~~ Monkey 1 3+ 2 1+ 
2 2 I+ 
1+ 
3+ 


Monkey H 


Rabbit 1 


Rabbit 2 


Rabbit HF 
Rabbit 6 


*Every number represents a sample of the respective serum specimen. 
jLatex control—particles without histoplasmin. 


normal and artificially infected monkeys and dogs and from normal and im- 
munized rabbits. These sera, taken in connection with other studies,'® !7 


varied from serologically negative to strongly positive. The monkey and dog 
sera were from animals bled betore and at intervals after intratracheal or 
intranasal administration of 7. capsulatum in the veast phase. The rabbit sera 


were from normal animals and from animals immunized by a series of intra- 
venous inoculations of killed yeast-phase organisms.$ 
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4+ 4+ 44 44 34 3+ 2+ 1+ 14 
& & 4+ 3+ 2+ 1+ 
3 $+ 4+ 4+ 4+ 44 3+ 1+ : 
5 4+ 4+ 4+ 4+ 4+ 3+ 1+ 1+ » 
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As ean be seen from Tables V1, VII, and VIII, agreement between the two 
tests was good. The histoplasmin-latex test proved to be as sensitive and as 
specifie as the collodion agglutination test in detecting antibodies in positive 
animal sera. Two possible exceptions were dog serum specimens 3 and 6 which 
have repeatedly failed to give 4+ reactions in the latex test (Table VIII). 
Weak reactions were observed in both tests with serum samples from normal 
animals of all 3 species. All of the 13 normal dog serum samples agglutinated 
sensitized latex and collodion particles in low dilution. Reactivity of normal 
serum was observed less frequently with samples from rabbits and monkeys, 
especially the latter. 


TABLE VIII. COMPARISON OF RESULTS OBTAINED WITH POSITIVE AND NEGATIVE Dog SERA BY 
THE HISTOPLASMIN-LATEX AND THE HISTOPLASMIN-COLLODION AGGLUTINATION TESTS 


"LATEX AGGLUTINATION COLLODION AGGLUTINATION 
SPECIMEN RECIPROCAL OF TITER EC IPROCAL OF TITER 
NUMBER | 5 | 10! 20! 40! 80 C* 5 10) 20! 40! 80 160 320) Ct, 
Positive Sera sd 44 4+ 4+ 4+ 4+ 4+ 4+ 4+ 8+ 


Negative Sera 


+ 

+ | 


+ 
| 


- - - - 
1+ 
1+ 
- - - - 
+ 1+ 1 


*Latex control particles without histoplasmin. __ 
*Collodion control—particles without histoplasmin. 

DISCUSSION 
The results deseribed herein suggest that polystyrene latex particles can 
be employed suceessfully in an agglutination test with histoplasmin antigen. 
Comparison with the collodion agglutination test reveals marked parallelism. 
Considerable flexibility is allowable in reference to optimal dilution of histo- 
plasmin and latex, and in time and temperature of incubation. These con- 
siderations plus the availability of latex particles and histoplasmin simplify 
the problems of a smaller laboratory desiring to perform this test in the sero- 
logic diagnosis of histoplasmosis. Preliminary results with human sera indi- 
cate that this test is applicable in the diagnosis of acute histoplasmosis. These 
data will be discussed in a subsequent report.'* 


SUMMARY 


A new serologic technique for the detection of antibodies against IH. cap- 
sulatum is presented. In the performance of this technique, polystyrene latex 


= 
2 4+ 4+ 3+ 2+ 1+ = ~ 4+ 4+ 4+ 2+ 1+ = = - 
; 3 3+ 3+ 3+ 2+ 1+ 1+ - - 4+ 4+ 4+ 3+ 2+ 1+ - 
r 4 4+ 4+ 3+ 3+ 2+ l+ - - 4+ 4+ 4+ 4+ 3+ 2+ 1+ - 
: 5 4+ 4+ 3+ 2+ 14 + - - 4+ 4+ 4+ 3+ 14+ 1+ - - 
6 3+ 3+ 3+ 3+ 2+ 14 - 4+ 4+ 4+ 4+ 3+ 2+ 1+ - 
9 - Sete te - 
12 % 14+ + - 
13 2+ 1+ 14 
14 3+ 2+ 1+ 
15 + + - 
16 2+ 14+ 14 
17 2+ 1+ I+ 
18 3+ 2+ 1+ 
19 1+ 


HISTOPLASMIN-LATEX AGGLUTINATION TEST. I 801 
imber 5 


particles are “coated” with histoplasmin and used in a simple tube agglutina- 
tion test. The histoplasmin-latex agglutination test and the histoplasmin-col- 
lodion agglutination test showed comparable results from the standpoint of 
specificity and sensitivity in sera from infected dogs and monkeys and im- 
munized rabbits. 


The technical assistance of Joann Sparks and the suggestions of Dr. Melvin Rheins 
are gratefully acknowledged. 
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USE OF PHAGE-IMPREGNATED PAPER DISKS FOR 
BACTERIAL SPECIFICITY TESTS 
C. Mora, M.S., Aanp A. EISENSTARK, Pu.D. 
MANHATTAN, KAN, 


E. 


APER disk methods to determine susceptibility of organisms to antibioties 

have proved to be rapid, simple, and practical. Such methods have been 
successfully adapted in our laboratory to differentiate bacterial strains by the 
use of phage. 


In the usual method of characterizing a bacterial strain with respect to 
susceptibility and resistance to specific phage types, it is necessary that the 
added phage suspension be limited to a small droplet to avoid excessive **run- 
ning’’ of the liquid over the agar surface. Also, droplets must be placed several 
centimeters apart to avoid overlapping of lysed areas, and care must be taken 
to label the point at which each specifie phage suspension is added. The disk 
method described eliminates the need for liquid test suspensions and simplifies 
phage typing to the level of antibiotic sensitivity testing. 


MATERIALS AND METHODS 


Phages and Host Systems.—Phages prepared and tested were the seven T phages of 


Escherichia coli B, PLT22 phage of Salmonella typhimurium LT2, Vi phage of Salmonella 
typhosa E, six XP phages of Xanthomonas pruni, gamma phage against 11 strains of 
Bacillus anthracis, and 16 staphylococcal phages against 35 strains of Micrococcus pyo- 


genes.* 


Disk Preparation.—Two different disk systems were used, In one case, disks of 7 
mm. diameter were punched out of desk blotters. A different color was used for each 
phage type, thus eliminating the necessity for numbering the position of the phages on the 
Petri plate (see Fig. 1). Individual disks were saturated with about 0.3 ml. of phage 
suspension and dried at 37° C, 

In the second case, Multidiskst containing 9 tips were used (see Fig. 2). It was neces 
sary to increase the viscosity of the phage suspension to avoid migration of the phage along 
the edge of the filter paper when using the multidisks. The addition of albumin to a final 
concentration of 15 per cent was found to be superior to other thickening and drying 
substances tested. A microdrop of phage suspension was applied to each tip of the multi- 
disk with a capillary tube and allowed to dry at 37° C. 


Procedure.—Petri plates were prepared using the double-layer method with the second 


layer inoculated with host cells. Three plates were prepared with each different host. 


From the Department of Bacteriology, Kansas State College, Manhattan, Kan. 
Contribution No. 317, Department of tacteriology, Kansas Agricultural Experiment 
Station, Manhattan. This study was supported by a contract with the Chemical Corps, Fort 
Detrick, Frederick, Md 
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*The staphylococcal phages were obtained from the Laboratory Division, Hospital for 
Joint Diseases, New York, N. Y. 


+Multidisks were obtained from Consolidated 


Laboratories, Inc., Chicago Heights, Il. 
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Individual disks were placed on one plate, a Multidisk on the second plate, and microdrops 
of the phage suspension on the third plate. A maximum of 9 individual disks and 9 micro- 
drops of phage suspension was used per plate. The forceps used for placing the disks on 
the plates were flamed after each use to avoid unwanted transfer or contamination of phage. 
The plates spotted with the microdrops were used as controls, The plates were incubated 
at 37° C. for 24 hours. 

In all experiments, control plates were prepared in a manner identical to the above, 
except that for each ease where a disk was used, a droplet of phage was substituted in the 
control. 


Fig. 2. 

Fig. 1.—Phage-impregnated blotter paper disks. Clear zone surrounding disk indicates 
lysis of bacteria that have been seeded in the agar layer of the Petri plate. Each disk is a 
different color, but this is not visible because of the shadowgraphing method used.* 

Fig. 2.—Each tip of the multidisk is impregnated with a different phage type. The 


arrows point to the disk or tip containing the phage specific for the bacterial strain seeded 
in the agar. 


RESULTS AND DISCUSSION 

Results were recorded by comparing samples in which the disk method was 
used with the conventional method based upon the use of microdrops of phage 
to lvse bacterial cells. 

oth types of impregnated disks, as well as liquid samples of phage, showed 
good lytic properties after storage for 90 days at 4° C., -10° C., and room 
temperature varying between 23° and 42° C. Thus, under the conditions of 
storage, the disks proved to be equally as stable as liquid samples of phage. 


In order to evaluate the sensitivity of the disk method, dilutions of phage 
were placed on disks to determine the minimum number of phage particles that 
would reveal a positive score. For the Esch. coli phage series, as few as 2 x 10? 


phages per disk still permitted a zone of lysis to appear; in all of the other cases, 
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including the staphylococcus system and the B. anthracis system, 4 = 10° phage 
particles per disk were necessary to reveal a clear zone of lysis. These values 
are higher than the lower limit that would be necessary to produce a clear zone 
by the mierodrop technique (only a single particle is needed to produce a 
plaque). Phage stocks are usually prepared with titers of perhaps 10° particles 
per microdrop. Therefore, even though more particles may be needed on a disk 
than are needed in a droplet, this is not a handicap since the ability to place 
a large number of phage in a test sample is not a limiting or critieal factor. 

In phage typing of staphylococci, one of the distinguishing characteristics 
is the visual appearance of the lysis zone; some bacterial strains are lysed so 
that a confluent clear zone arises while other strains are lysed with a semicon- 
fluent zone.’ Both of these types of lysis in staphylococci were as readily visible 
when impregnated disks were used as in the case of microdrops. Also, in the 
case of the lytic pattern of gamma phage on B, anthracis, the clear zones were 
identical when the 2 methods were compared.* 

From the above comparisons, it may be concluded that the use of impreg- 
nated paper disks for phage typing gives as satisfactory results as the use of 
microdroplets of phage suspensions. The disk technique, however, has an ad- 
vantage inasmuch as a large number of disks may be prepared in advance, 
stored, and used when needed with a minimum of effort. Further, phage-im- 
pregnated disks have been used successfully for the storage of stock phage types 
and for shipment of phage stocks to other laboratories. As an example of the 
latter, impregnated disks were placed in sterile small envelopes and mailed in 


a regular envelope. After an ocean voyage the disks were used successfully for 
the initiation of fresh phage stocks and for phage typing. 


SUMMARY 


A method of using phage-impregnated paper disks for specificity tests of 
bacteria has been described. This method gave the same results as obtained by 
other investigators using staphylococeal and B. anthracis phages. The technique 
permitted preparation and storage of disks prior to testing. The same disks 
were used conveniently for storage of stocks and shipment of phages to other 
laboratories. 
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EXPERIENCE WITH THE TAMe ASSAY DURING 
ANTICOAGULANT THERAPY 


PuyLuts M. Arscorr, M.D., J. L. Kopret, M.D., H. M.D. 
CHicaco, 


yreubige the steadily increasing use of anticoagulant (prothrombin-depres- 
sant) drugs there still exist wide differences of opinion concerning their 
clinical usefulness and safety. Whereas some authorities in the fields of medi- 
cine and surgery believe them to be of little value, others consider them to be 
important therapeutic agents provided their administration is properly con- 
trolled. Just what constitutes proper control and how to achieve it most relia- 
bly and conveniently is still a matter of some debate. Contributing to the gen- 
eral confusion are a diversity of ‘‘prothrombin’’ assay procedures, a lack of 
uniformity in the type of reagents used, and, not least of all, a dearth of in- 
formation concerning the specific and possibly different effects exerted by the 
various anticoagulants currently in use. 

Kor the past 10 years we have controlled the administration of anticoagu- 
lant drugs to patients by the combined use of the one-stage and two-stage 
prothrombin assays.':* Although both these techniques were originally thought 
to provide specific, quantitative measurements of plasma prothrombin it has 
since become apparent that, under the limiting conditions found in therapy 
plasmas, results provided by these procedures are also influenced by factors 
other than prothrombin.** From our elinieal experience obtained over the 
years, we have concluded that of the two methods the two-stage technique pro- 
vides the more consistently reliable index for the control of therapy. The in- 
formation provided by this test appears to be less subjeet to certain variations 
frequently associated with the one-stage assay, thus producing more satisfac- 
tory patient results.’ Largely because of its greater technical complexity, how- 
ever, the two-stage assay has not been generally accepted for routine clinical 


use. 


The TAMe assay for thrombin as developed by Sherry and Troll* and sub- 


sequently adapted by Glueck, Sherry, and Troll® to measure plasma prothrom- 
bin is similar in principle to the two-stage technique in that it separates the 
two phases of the clotting mechanism (Fig. 1). However, instead of the 
thrombin formed during the first stage being added to fibrinogen, it is allowed 
to react with tosyl-arginine-methyl ester (TAMe). This results in the splitting 
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of the tosyl-arginine ester linkage and the liberation of free tosyl-arginine 
which can then be determined by titration with standard alkali. Under suit- 
able conditions the amount of tosyl-arginine formed is a function of the throm- 
bin and, therefore, prothrombin concentration. 


(DEFIBRINATED PLASMA) 
FIRST | STAGE 
CALCIUM 


THROMBOPLASTIN 
CONVERSION ACCELERATORS 


THROMBIN 


TAMe (TOSYL ARGININE 
METHYL ESTER) 


FIBRIN TOSYL ARGININE 


(FLOCCULATION) (TITRATION) 


Fig. 1.—Schematic representation of two-stage and TAMe assays. 


The TAMe assay was of particular interest to us since Glueck, Sherry, and 
Troll had presented preliminary evidence to indicate that with plasmas from 
patients treated with Dicumarol it produced results paralleling those obtained 
with the two-stage assay. This finding, coupled with the sound chemical basis 
and relative simplicity of the TAMe method, suggested it as a promising alter- 
native to the two-stage technique. It was decided, therefore, to compare the 
results obtained with the two assays when applied to plasmas from patients 
individually maintained on all presently used prothrombin-depressant drugs. 


METHODS 


Blood for this study was obtained from hospitalized patients of the Presbyterian-St. 
Luke’s Hospital of Chicago who had been placed on 1 of 8 anticoagulant drugs. Blood was 
collected by the two-syringe technique, 9 parts of blood being added to 1 part of 3.2 
per cent sodium citrate. The samples were centrifuged and the plasmas assayed within 
4 hours of colleetion. The two-stage assay was carried out as deseribed by Warner, Brink 
hous, and Smitht® and modified by Ware and Seegers? and the TAMe assay was done as 
outlined by Glueck, Sherry, and Troll.® The anticoagulant drugs used ineluded Cyelo- 
eumarol, Dieumarol, Dipaxin, Marcumar, phenylindanedione, Tromexan, Sintrom, and War- 
farin. Dosages varied according to drug and individual response of the patient. Factor V 
concentrates were prepared according to the method of Lewis and Ware.1! Factor VII 
concentrates were obtained as described by Alexander, Goldstein, and Landwehr.12 Beef 
lung thromboplastin was prepared according to Ware and Seegers,? beef brain thrombo- 
plastin as prepared according to De Nicola,!* and human brain thromboplastin after Biggs 
and Macfarlane.!4 

RESULTS 

The 2 assays were carried out on 546 plasmas from 60 patients maintained 

on anticoagulant therapy for varying periods of time. Additional determinations 
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were made on 155 plasmas obtained from a variety of patients for whom 
routine prothrombin determinations had been ordered. In our hands, a 100 
per cent prothrombin level as determined by the two-stage method was equiv- 
alent to 50 TAMe units (s. e. + 3.4 per cent) as measured by the TAMe assay. 
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Fig. 2.—Comparison of TAMe and two-stage prothrombin assay results. Each of the 6 
points represents the average of 20 TAMe assays plotted against the average of the correspond- 
ing 20 two-stage determinations. For this comparison, randomly selected data from patients 
on anticoagulant therapy were used at the designated points: (1) Normal, pretherapy assay; 
(2) Day 1 after start of therapy: (3) Day 1 at control level; (4) Day 2 at control level; 


(5) Day 1 after removal of therapy; (6) Last analysis. 


This value compares favorably with the average of 53 units reported for nor- 
mal plasmas by Glueck, Sherry, and Troll. The results plotted in Fig. 2 indi- 
cate that at all other two-stage prothrombin levels the TAMe assay produces 
a corresponding number of TAMe units. Statistical treatment of these data 
shows that at all but normal prothrombin levels there are significant differences 
in the results of the two assays (P = 0.05). This finding is not surprising in 
view of the fundamental differences in the two tests and indicates that, strictly 
speaking, they are measuring different entities probably resulting from the 
variable manner in which prothrombin is activated. For practical purposes, 
however, it is apparent that both techniques do measure similar levels of activ- 
ity (Fig. 3). Added support for this conclusion is provided by the good agree- 
ment shown between the results of the two assay methods when applied to the 
plasmas of patients maintained on any of the 8 prothrombin-depressant drugs 
studied (Fig. 4). Data similar to these have also been reported recently by 
Glueck.’® It is apparent that the characteristics of the particular drug used 
do not significantly affect the TAMe-two-stage relationship at any plasma 
prothrombin concentration. 
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Effect of Thromboplastin.—The kind of tissue thromboplastin used in the 
TAMe assay was originally thought to have no influence on the outeome of this 
determination since identical results were obtained when normal human plasmas 
were assayed with any 1 of 4 thromboplastins commercially available* and 3 lab- 
oratory-prepared lipoprotein thromboplastins (Table 1).°° Additional support 
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Fig. 3.—Plasma prothrombin levels of normal and therapy patients assayed simultaneously by the 
two-stage and TAMe methods. 


for this preliminary conelusion was provided by the observation that saline dilu- 
tions of normal human plasmas to levels as low as 10 per cent of normal each 
assayed to the same number of TAMe units regardless of which of 3 commercial 
thromboplastins were used to activate prothrombin (Table 1). Similar results 


were also obtained for plasmas from patients on anticoagulant therapy as 
long as their two-stage prothrombin levels were between normal (80 to 100 
per cent) and the upper limit of the control bracket. However, with therapy 
plasmas having two-stage prothrombin levels below 30 per cent of normal the 
TAMe assay results varied according to the nature of the thromboplastin used. 


(Table L and Fig. 5.) Since these variations were only observed at low pro- 
thrombin levels resulting from drug therapy, but not in the case of those result- 


ing from dilutions of normal plasmas, it was coneluded that some other factor 


or factors, also depressed by anticoagulants, might be supplied to the assay 


*Supplied through the courtesy of Difco Laboratories, Detroit. Mich.; Geigy Company, 
Inc., New York, N. Y.; Schieffelin & Company, New York, N. Y.; and Warner-Chilcott 
Laboratories, New York, N. Y. 
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system in varying concentrations by the different thromboplastins used. Such 
factors presumably would have to decrease more rapidly as a result of therapy 
than prothrombin itself and, theoretically at least, their concentration at very 
low levels might limit the extent of prothrombin conversion possible during 
a fixed period of time (such as the 5 minute activation period used in the TAMe 
assay). Faetor VIE (SPCA) has been reported to decline more rapidly than 
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Fig. 5.—Variations in TAMe prothrombin curves in a single patient with use of 3 differ- 
ent thromboplastins. The thromboplastins used were: (1) Difeo Bacto-Thromboplastin; (2) 
Schieffelin Solupiastin; and (3) Warner-Chilcott Simplastin. 


prothrombin as a result of therapy with some anticoagulants" ; some informa- 
tion is available concerning the rate of decline of Factor LX (PTC)"* but, to 
our knowledge, none concerning that of Factor X. The possibility arose that 
different thromboplastin preparations might contain different amounts of 
Factor VIL and in this way produce different results in the TAMe assay 
with low-level therapy plasmas. Furthermore, sinee Ae-globulin activity has 
been found to be associated with certain thromboplastins' '® and since the 
effective Ac-globulin activity of a preparation is dependent upon a minimum 
Factor VIL level.’ varying Ac-globulin levels were also considered as a possi- 
ble cause of the variations in the TAMe assay results obtained with low-level 
therapy plasmas and different thromboplastins. Preliminary findings (Table 
Il) in our laboratory, that the addition of purified Factor VII and/or Ae- 
globulin raised the activities of the less active thromboplastins to the level of 
the most active one, suggest that these factors may be present to varying de- 
grees in different thromboplastins and, therefore, responsible for the variations 
in TAMe assay results obtained with low-level therapy plasmas.?° 
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TaBLe I. TAMe PROTHROMBIN PERCENTAGES (50 TAMe Units = 100 PER CENT 
PROTHROMBIN ) RESULTING FroM THE USE OF DIFFERENT THROMBOPLASTINS. EACH 
FIGURE REPRESENTS THE AVERAGE OF AT LEAST THREE EXPERIMENTS 


PEK CENT PROTHROMBIN (TAME ) 
NORMAL PLASMA | 
(DILUTED 4 TIMES) | THERAPY PLASMA 
(2-STAGES: 80-100 (2-STAGES: 20-25. (2-STAGES: <30 
THROMBOPLASTIN PER CENT ) PER CENT ) PER CENT ) 
Bacto-Thromboplastin (Difco) 96 24 18 
Simplastin (Warner-Chilcott ) 92 23 
Soluplasin (Schieffelin) o4 24 
Geigy thromboplastin 98 
Human brain 94 
Beef brain 94 
Beef lung 92 


NORMAL PLASMA 


| 
| 
| 
| 


TaBLeE IT. Tue Errect oF Appition or Factors V AND VII ON PROTHROMBIN PERCENTAGES 
(TAMe) or THERAPY PLASMAS 


THERAPY PLASMA PLUS SUPPLEMENTED FACTORS 
PER CENT PROTHROMBIN (TAME) 
WITH FACTOR 
WITH FACTOR VIL (FINAL 
V (FINAL CON- CON CEN TRA- 
NO CENTRATION TION = WITH FACTORS 
THROMBOPLASTIN SUPPLEMENT 1:100) 
A. Bacto-Thromboplastin (Difco) 
Experiment 1 y 11 
Experiment 2 2 : 25 
Experiment 3 ‘ , 18 
B. Bacto-Thromboplastin (Difeo) 17 
Simplastin (Warner-Chileott ) 17 
Soluplastin (Schieffelin ) ‘ 21 


Factor supplements were added to the assay just prior to the addition of plasma and 
the subsequent start of activation Figures recorded under A are the results of three experi- 
ments performed on different days (3 plasmas) with thromboplastin prepared daily from dif- 
ferent batches of Bacto-Thromboplastin (Difco). The results of experiment 2 indicate that 
variations may occur even with a thromboplastin relatively high in factor content. Each 
figure recorded under B is the average of at least 6 experiments. 


DISCUSSION 

It is apparent that the main differences of opinion coneerning the efficacy 
and safety of anticoagulant drugs are related to the methods used to eontrol 
their administration. In the midst of the controversy over which and whose 
method is ‘‘best,’’ the main issue of clinical concern, namely, the question of 
what actually should be measured in order to control therapy, is often ob- 
scured. Since the primary purpose of anticoagulant therapy is to reduce the 
tendency of blood to clot, it would appear that the ideal control of such ther- 
apy should be based on a method for determining the over-all result of the 
effects of the drug on prothrombin itself, various conversion accelerators, and 
possibly inhibitors. The measure of this over-all activity might be called the 
‘effective thrombie activity’? of a patient’s plasma and will be influenced by 
variations in a number of different clotting factors. These individual factor 
variations themselves may depend not only on the partieular drug used but 
may, for any given drug, actually differ from patient to patient.?? 

With regard to the type of thromboplastin used in the TAMe assay we 
know that of the commonly used preparations some are more deficient in cer- 
tain accelerators than others, and we might add that they may also vary in 
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their content of inhibitors. Of the available thromboplastins those having the 


greater deficiencies in accelerators would appear to be the more preferable ones 
to use from the point of view of estimating ‘‘effective thrombie activity’’ in 
therapy plasmas. The possibility of preparing a lipoprotein-type thrombo- 
plastin with characteristics even more ideal in reference to accelerator and 
inhibitor content is suggested by the work of Nour-Eldin and Wilkinson.®* 
The use of such a preparation would allow the most aceurate determination of 
a plasma’s ‘‘effective thrombie activity.”’ 

The bulk of the data reported in this paper was obtained with a commer- 
cial rabbit brain thromboplastin which is not as free of Faetors V and VII as 
some of the other preparations tested. In spite of the differences in technique 
between the two-stage and TAMe assays it is surprising that fairly good agree- 


ment between the two methods was obtained even at control levels. It would 


appear that the variable contributions of accelerators and/or inhibitors made 
by the beef lung thromboplastin used in the two-stage method together with 
the variable periods of prothrombin activation employed in this assay combine 
or complement each other somehow to yield thrombin activities similar to those 
obtained under quite different conditions in the TAMe assay. 


SUMMARY 
1. Two-stage and TAMe prothrombin determinations have been earried 
out on plasmas from patients on 8 different anticoagulant drugs. For clinical 
purposes, the results obtained with the TAMe assay have been found to eom- 
pare favorably with those provided by the two-stage technique regardless of 
which of the 8 drugs was used. 

2. The concept of ‘effective thrombie activity’ has been introduced and dis- 
cussed. in regard to the possible accelerator and/or inhibitor content of the 
thromboplastin preparation used in the TAMe assay. 
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Derroir, Micnu. 
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SAMUEL VEREEN, B.S. 


UR previous work' demonstrated a close correspondence between immuno- 

chemical and electrophoretic determinations of human serum albumin 
and gamma globulin. Similarly the immunochemical assay of orosomucoid* * 
accorded with chemical estimation of the serum mucoprotein fraction. The 
present study compares the transferrin and total iron binding capacity of 
human serum and again demonstrates the utility of chicken antiserum in the 
determination of protein. 

Transferrin (or siderophilin) is a beta-1 protein, devoid of lipid, low in 
carbohydrate, and possessing a molecular weight of about 90,000.%° It has 
striking metal combining properties and appears to be the sole protein re- 
sponsible for the transport of serum iron.* ** The isolation and characteriza- 
tion of transferrin have been deseribed by Surgenor and associates* ° and 


Koechlin.® Crystalline preparations were injected into rabbits by Jager and 


Gubler*; a number of antisera were produced, but these yielded variable re- 


sults when used for assay purposes. Inman” '® modified Koechlin’s fractiona- 
tion procedure and has succeeded in regularly crystallizing the protein. The 


present study was carried out with one of Inman’s erystalline preparations. 


METHODS AND MATERIALS 


Twice erystallized human serum transferrin was the immunizing antigen and the 
primary standard, By eleetrophoretic analysis* the preparation had a purity of over 97 
per cent. We determined immunochemieally! that it contained 0.5 per cent albumin and 
0.2 per cent gamma globulin. 

In all, 21 Rhode Island Red hens, 8 to 12 months of age, were immunized. A single 
intravenous injection of 40 mg. antigen per kilogram of body weight, according to the 
method of Abramoff and Wolfe,!! invariably resulted in a positive precipitin response. 
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number of human plasma protein fractions. This collaboration was aided by a research grant 
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Bleeding was 8 days after the injection. The procedure of intramuscular injection of the 
antigen (100 to 200 mg.) well mixed with Al(OH), gel and with bleeding ten days later 
also consistently vielded positive sera. However, by either method the potencies of the 
antisera were quite variable and were much less than that afforded by similarly produced 
antialbumin and antigamma globulin sera. 

In our initial studies the citrated chicken blood, obtained at the time of bleeding, 
was processed according to the method of Silberberg and co-workers.2 Subsequently the 
processing was modified so that the antisera were at a final NaCl concentration of 13 
per cent instead of 8 per cent. 

Potency was estimated by the qualitative procedure employed in the orosomucoid 
study. Oudin tests!2 were also performed as previously described.1,3 In these tests 
each antiserum was reacted against crystalline transferrin, human serum, and various 
Cohn fractions (II, IIT, 1V-1, IV-4, and V). 

An additional method for specificity analysis* was provided by the immuno 
electrophoretic procedures developed by Poulik!3-15 in which the antigenie mixture is 
first separated by electrophoresis on starch gel!® or filter paper. We found that to sue- 
cessfully examine chicken antiserum by this method a high salt concentration must be 
incorporated in the agar, and in the present study 13 per cent NaCl was employed. 

The biuret determination of protein was carried out with the reagent of Gornall 
and associates.17 The method of Peters and co-workers!’ was used to assay the total iron 
binding capacity (T.I.B.C.) of serum. The samples of human serum were largely obtained 


from the Oncology Service of Henry Ford Hospital.t 


TABLE I, A COMPARISON OF THE REACTIONS OF ANTITRANSFERRIN SERUM WITH CRYSTALLINE 
TRANSFERRIN BEFORE AND AFTER ABSORPTION WITH GAMMA GLOBULIN 


OPTICAL DENSITY READINGS AT 450 nig 
ug CRYST. TRANS. UNABSORBED ANTISERUM 
0.629 
0.572 
0.545 
0.494 
0.357 
0.244 


ABSORBED ANTISERUM 


0.081 0.007 
0.078 0.007 
0.046 0.007 


Each reaction tube contained 0.3 ml. antigen in 13 per cent NaCl and 0.2 ml. antiserum 
(282-84) at a dilution of 1:2.32 in 13 per cent NaCl. After I hour of incubation at 38° C., 
reaction turbidities were read in the Bausch and Lomb Spectronic 20. 


RESULTS 

Specificity Analyses.—The antisera were subjected to Oudin and immuno- 
electrophoretic analyses. Typieaily, as can be noted in Fig. 1, there was a 
strong transferrin reaction and a weak gamma globulin reaction. Reactions 
with other human serum proteins were never detected. In view of this, we 
thought that certain of the antibodies to transferrin might cross react with 
gamma globulin. This possibility was investigated by the absorption experi- 
ment presented in Table I. It can be seen that removing the antibodies to 

*We wish to acknowledge the invaluable participation of Emily Poulik in this phase 
of our study. 


+We are indebted to Dr. Michael J. Brennan for his assistance in providing us with 
sera from his patients. 
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‘ig. 1 Specificity characteristics of antitransferrin serum (282-84) as visualized by 
starch gel immunoelectrophoresis.* Human serum constitutes the antigenic mixture. A, Un- 
absorbed. 8B, Absorbed with Fr Il. OC, Absorbed with crystalline transferrin. 1 = Precipitin 
line due to gamma globulin. 2 = Precipitin line due to transferrin. A nonspecific lateral 
band develops in the agar near the surface of the starch block in some immunoelectrophoresis 
runs with chicken antiserum. Since this band is readily recognized, it does not interfere 
with the determination of the number of antigen-antibody reaction arcs. 

*Similar patterns were developed in paper strip immunoelectrophoresis, and the beta-1 
location of the transferrin are was clearly evident. 


| 
C 


me i DETERMINATION OF PLASMA PROTEIN COMPONENTS 817 
gamma globulin did not significantly diminish the precipitation of the anti- 
serum with crystalline transferrin, Apparently, then, the small amount of 
gamma globulin present in the immunizing preparation was capable of eliciting 
an independent antibody response, even though each bird was injected with 
only about 0.25 mg. of the contaminant. Little role, if any, could be aseribed 
to hypothetical antitransferrin antibodies cross reacting with gamma globulin. 
Each 100 ml. of antiserum was absorbed with 10 mg. of Fr IL before being used 


for assay purposes. 
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Fig. 2.—The standard curve in the determination of transferrin using the nephelometric method 
hree successive determinations w ith P-29 are shown. 


Nephelometric Assay Procedure.—The assay of human serum transferrin 
was carried out by the nephelometric procedure with our initially produced 
pool of antiserum (P-29). This pool was at the routine 1:2 dilution in 8 per 
eent NaCl. One-half milliliter of antigen solution, 4 ml. of diluent. and 1 ml. 
of P-29 were successively added to each reaction tube. The NaCl coneentra- 
tion was at 8 per cent and the incubation period was 20 minutes at 38° C. 


Standard curves were constructed with crystalline transferrin, ranging in 
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amount from 25 to 3.13 ng. The curve used in the assay of many of the human 
serum samples is presented in Fig. 2. The quantity of human serum employed 
in a determination was 0.005 ml. (0.5 ml. of 1:100 dilution). With this amount 
normals fell at the midportion of the curve, and pathologie samples, whether 
exhibiting depressed or elevated transferrin values, were readily encompassed 
by the standards. The micrograms determined to be in the sample aliquot were 
multiplied by 20 to convert to milligrams transferrin per 100 ml. of serum 


(mg. per cent). 


Immunochemical T.1.B.C. mcg. % 


Chemical T.!1.B.C. mcg. % 
100 200 300 


400 


Fig. 3.—Identity_of immunochemical and chemical determinations of total iron binding 
capacity (T.LB.C.). The samples of human sera were drawn from patients with a variety 
of clinical syndromes and each point represents a different serum sample. Low values were 
generally from patients with malignancy, and high values were generally from obstetrical 
cases and patients with uncomplicated iron deficiency anemia. 
The total iron binding capacities were determined on 29 of the samples 
which had been analyzed for transferrin by the immunonepholometrie method. 
The results of the two sets of determinations are compared graphically in Fig. 
3. ‘The transferrin values were multiplied by 1.25 sinee each milligram of 
protein binds 1.25 ag of iron” The identity of T.1.B.C. with transferrin con- 
centration can be readily seen. 

Npectrophotometric Assay Procedure——The poteney of the next batch of 
pooled antitransferrin serum, P-35, was weaker than that of P-29. P-35 was 
adjusted to 13 per cent NaCl, and the speectrophotometric procedure of assay® 


was employed, The reactions, each consisting of 0.1 ml. of antigen solution in 
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13 per cent NaCl thoroughly mixed with 0.4 ml. of P-35, were set up in 10 by 
75 mm. Pyrex test tubes. After an incubation period of 1 hour at 38° C., the 
contents of each tube were shaken, poured into a suitable microcell,* and read 
in a spectrophotometer set to zero optical density with an antiserum reagent 
blank. 

The pooled human serum (PCS) described in our previous publication® 
provided the routine standard for sample assay. <A transferrin content for 
PCS of 184 mg. per cent was determined by the immunonephelometrie pro- 
cedure with P-29 and was found to agree with the T.I.B.C. of 232 pg per cent 
determined by the method of Peters and associates.’* Aliquots of PCS em- 
ployed for constructing the calibration curve contained, respectively, 9.2 pg., 
4.5 pg, 2.25 pg, and 1.13 pg transferrin, and the fixed quantity of human serum 
for sample determination was 0.1 ml. of a 1:50 dilution. The micrograms of 
antigen determined to be in a simple aliquot were multiplied by 50 to convert 
to mg. per cent transferrin. When duplicate determinations were performed on 
16 serum samples ranging from 113 to 400 mg. per cent transferrin the co- 
efficient of variation was found to be +8 per cent. In this experiment the 1:50 
dilutions were made afresh for each set of determinations, and the repeat 
analyses on 6 of the samples were carried out on the following day. 

We were particularly interested in comparing the calibration curves af- 
forded by PCS and erystalline transferrin, inasmuch as it had previously been 
observed® that PCS of assigned orosomucoid value and the purified oroso- 
mucoid yielded slightly divergent curves with antiorosomucoid sera. Two of 


the antitransferrin sera also displayed a similar reactivity. As shown in Fig. 
4, somewhat more precipitation was afforded by PCS than by crystalline trans- 
ferrin in the far antibody excess zone. This divergence of the curves was re- 


produced on two separate determinations, each time employing fresh dilutions 
of the antigens. It is unlikely that the transferrin value assigned to PCS was 
fallacious, since it was independently determined by a precise chemical 
method.'* There appears, therefore, to be a small but real difference in the 
immunologic behavior of PCS and erystalline transferrin. 

During the current studies four pools of antitransferrin serum have been 
employed. The sample assay results obtained with these antisera were found 
for practical purposes to be interchangeable. To establish this clearly, 11 
samples, each a pool of serum from several bleedings of a single patient, were 
separately analyzed for transferrin content by the 4 antisera and were also 
analyzed for T.1.B.C. The close correspondence of results can be seen in 
Table II. 

*Fused silica microcells, 3 by 10 by 25 mm., produced by Pyrocell (207 E. 84th Street, 
New York 28, New York) were used with the Beckman D.U. spectrophotometer at 340 ma. 
The Arthur H. Thomas microadapter (no. 9085-D2) and absorption cell (9085-N2) were used 
with the Bausch and Lomb Spectronic 20 at 450 mg. The minimum volume required for each 


microcell was no more than 0.4 ml. Comparable reaction optical densities were observed 
with both spectrophotometers at the above wave lengths. 


tSince PCS largely represented pooled cancer serum we recently repeated the reactions 
with pooled normal serum (PNS). Again the calibration curves obtained with PNS and 
erystalline transferrin were divergent. 
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Levels of Transferrin in Human Serum.—tThe transferrin contents were 
determined immunochemically on sera from 47 normal individuals. Values 
ranged from 229 to 360 mg. per cent and the mean for the series was 281.7 
mg. per cent (+8.06 mg. S.E.). These results when converted to T.I.B.C. by 
the factor 1.25 are in the range of the T.I.B.C. values for normals established 
by other investigators (see Peters and associates'® for references). Our results 
also correspond to those of others in that we have observed elevated transfer- 
rin values in uncomplicated iron deficiency anemia and in pregnancy as well 
as depressed transferrin levels in infectious states and in malignancy. 


24 24 24 
Mcg. Transferrin 
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Fig. 4.—Comparison of antibody excess zone reactions afforded by calibrated PCS and 
erystalline transferrin with 3 different antitransferrin sera. Solid circle = calibrated PCS 
reactions; undilute PCS was considered to contain 184 mg. per cent transferrin (see text). 
Open circle = crystalline transferrin reactions. Each point represents the average of two 
determinations. A, 0.1 ml. Ag + 0.4 ml. Ab (P-35); 13 per cent NaCl; 1 hr. incubation at 
38° Cc. B, 0.1 mil. Ag + 0.4 ml. Ab (P-39); 13 per cent NaCl; 1 hr. incubation at 38° Cc. C, 
0.1 ml. Ag + 0.4 ml. Ab (1/2.32 absorbed 282-84); 13 per cent NaCl; 1 hr. incubation at 38° C, 

Reaction turbidities recorded in a Beckman spectrophotometer set at 340 ma. 


TABLE II, COMPARISON OF TRANSFERRIN VALUES OBTAINED BY Four DIFFERENT ANTISERA 
AND BY PETERS’ METHOD 


P-29 282-84 
SAMPLE NO. | o) MG. | (MG. %) MG. % MG.%) | (MG. %) 
165 76 175 
58 i) 5 65 
199 2 g 225 
139 
370 
247 
175 
143 
170 
193 


245 
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DETERMINATION OF PLASMA PROTEIN COMPONENTS 


DISCUSSION 
The antisera produced in chickens to single injections of Inman’s erystalline 
transferrin” '° were successfully used to measure the total iron binding capacity 
of human serum. In contrast to these results, Jager and Gubler* found that 
rabbits responded poorly to transferrin and yielded positive antisera only 
after prolonged immunization. Such antisera yielded variable assay results 
and apparently contained many more antibodies to contaminants than the 
chicken antisera employed by us. In this regard we analyzed rabbit anti- 
sera* to Inman’s erystalline transferrin by immunoeleectrophoresis and ob- 
served reactions with at least 5 different human proteins. 

The accuracy of assay by the immunochemical method is not only de- 
pendent on the specificity of the antisera but on the type of standard employed. 
Typically, ealibration curves are constructed from the immunizing antigen, 
and if the antisera produced to it fail to yield reproducible sample assays, the 
purity of the antigen is held to be inadequate. Further purification of the 
immunizing preparation will, in this event, undoubtedly lessen the occurrence 
of antibody responses to unrelated antigens. Yet a consideration of protein 
microheterogeneity’® leads to the conclusion that even antisera produced to 
an antigen so purified that distinct contaminants are lacking could still yield 
variable sample determinations. From the concept reviewed by Colvin and co- 
workers’® that a native protein species is a discrete population of closely re- 
lated but not identical molecules, it follows that the exact distribution of the 
molecular forms of the species can rarely, if ever, be duplicated in the isolated 
product. Accordingly, the native protein in human serum and its isolated 
counterpart need not exhibit uniform immunologie reactivity, even with highly 
specifie antisera. Furthermore, such antisera could contain dissimilar amounts 
of antibodies to the antigenic components. Our proposed solution’ to the 
problem of obtaining comparative sample assay values of high aceuracy has 
been to use pooled human serum, calibrated for the protein under determina- 
tion, as the routine standard. Not only should such a standard tend to eom- 
pensate for trace contaminant or undetermined cross reactions of the anti- 
sera (as previously pointed out'), but it should also tend to compensate for 
any variability in the reactions of the antisera with microheterogeneous com- 
ponents of the antigen. 

The divergence of the calibration curves afforded by pooled human serum 
(PCS) of known iron binding capacity and crystalline transferrin with two of 
the antitransferrin sera (Fig. 4) serve to illustrate the above discussion. It 
was also observed (unpublished data) with each of these antisera that after 
an absorption with a slight excess of erystalline transferrin, antibodies re- 
mained which failed to precipitate with a small quantity of transferrin (e.g., 
4.6 wg per 0.5 ml. supernatant) but did precipitate with a large quantity (91 pg 
per 0.3 ml. supernatant). These antibodies appeared to be directed to micro- 
heterogeneous transferrin components, rather than to contaminant antigen(s), 


*We wish to thank M. 


D. 


Poulik for 


giving us portions of these antisera. 
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for the only precipitin line that they developed in immunoelectrophoresis was 
with the human serum component (beta-1) of highest transferrin concentra- 
tion. 

The assumption that microheterogeneity exists at the antigenic level, while 
by no means established by our observations, may lead to new approaches for 
detecting small, but biologically significant, protein differences. We have in 
mind such differences in the protein products of cells as might oceur at var- 
ious stages of tissue morphogenesis or might arise from mutations of either 
the soma or germ plasm. The molecular forms comprising a protein family 
would be expected to have a set of common antigenie determinants and a 
number of dissimilar ones with representatives of the latter oecupying only 
a few of the surface sites of an average molecule. This type of antigenic vari- 
ability, if it exists, should not markedly affect the quantitative determination 
of the individual protein families by specific antisera, particularly when 
standards of pooled human serum are used. In this regard, we have dem- 
onstrated that the characteristic variations of the total iron binding capacity 
of human serum, such as its inerease in uncomplicated iron deficiency anemia 
and its decrease in advanced malignaney, are aceurately reflected by the 
transferrin levels determined immunochemieally. 


SUMMARY 
Specific antihuman transferrin serum was readily produced in chickens 
by single antigen injection procedures. This was contrasted to the diffieulty 
experienced by others in producing a comparable reagent in rabbits. The 
chicken antisera were successfully used to assay the transferrin concentration 
of human serum. Microquantities of sample were chosen, and rapid turbidi- 
metric procedures of assay were employed. The immunochemical determina- 
tions agreed with chemical estimations of total iron binding capacity, and the 
mean serum transferrin level of normal adults was found to be 281.7 mg. per 
cent (+8.06 mg. S.E.). The possible effeets of protein microheterogeneity on 
the accuracy of immunochemical determinations were discussed. 
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THE DETERMINATION OF KETONE BODIES IN BIOLOGIC FLUIDS 
WaLTER Lyon Bioom, M.D.* 
ATLANTA, GA, 


HE existing methods for the determination of ketone bodies in biologie 
fluid have been summarized in several publications.’ The difficulties of 
the existing methods have been evidenced by the failure to have developed a 
satisfactory procedure for routine clinical studies. The available methods 
depend upon the distillation’ or the extraction? of acetone with subsequent 
measurement of the acetone by titrimetric’ or colorimetric procedure.® * Al- 


though recent methods have good sensitivity, all of them are complicated and 


time consuming. This paper presents a simple, sensitive, rapid, and accurate 
method for the determination of acetone, acetoacetie acid, and B-hydroxybutyrie 
acid in biologie fluids. In the method to be presented, acetone is distilled from 
the heated to the cooled end of a sealed tube and trapped in alkaline salieylalde- 
hyde. The entire procedure ean be completed in 2 hours as well as determin- 
ing from 1 to 8 pe aceurately. 


MATERIALS AND METHODS 


One per cent salicylaldehydet in 3 N KOH is the trapping and color reagent, made up 
fresh for each set of determinations. The other reagents used in the test are: approximately 
4 N H,SO,, 20 N H,SO,, saturated KOH, and 0.5 per cent K,Cr.O in water. The unit 
employed in this experiment is a Thunberg tube with a coinciding hole in the top of the 
tube and in the ground-glass joint. A distillation apparatus (Fig. 1) makes it possible 
to place one end of the Thunberg tube in boiling water and the boot or side arm of the 
top is placed in cold running tap water. This apparatus may be heated either by means of 
a gas flame or internally by means of an electric coil which is properly insulated. 

Protein-free filtrates are prepared by the method of Somogyi‘ in a serew-cap test tube 
which is centrifuged 1,500 r.p.m. for 10 to 15 minutes. The filtrate is diluted so that each 
aliquot contains between 1 and 8 wg of acetone equivalent per milliliter. The stoppers of the 
Thunberg tubes are lubricated with a minimal amount of silicone grease and then inverted 
in a rack, One-half milliliter of 1 per cent salicylaldehyde in 3 N KOH is added to the 
side arm or top of the Thunberg tube, One milliliter of the sample to be tested, or distilled 
water for a blank, is placed in the bottom of the Thunberg tube. One milliliter of 4 N 
H,SO, is then added. The top is then carefully inverted so as not to spill the color reagent 
into the tube. The top is placed securely on the tube and fastened with adhesive tape. 
For the determination of acetone and acetoacetie acid, the tubes are heated for 90 minutes 
in the distillation apparatus shaking the tubes gently each 15 minutes, being careful to 
avoid spilling the color reagent into the bottom of the tube. For the determination of total 
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ketone bodies, the tubes are heated for 15 minutes, removed from the bath for 5 min- 
utes, and then 1 ml. of acid dichromate reagent is added from a tuberculin syringe by 
approximating the coinciding holes in the stopper and the top of the tube. This step is 
done rapidly to avoid the possible loss of any acetone despite the fact that the cooling tube 
has a negative pressure during this period. The stopper is then turned to seal off the tube, 
the adhesive tape is reapplied, and the tube is returned to the distillation apparatus for 90 
minutes; gently agitate the tubes at 15-minute intervals. The tubes are then removed from 
the water bath, the tops immediately removed, placed on a test tube rack, and 1 ml. of satu- 
rated KOH is added to each side arm. The color reaction is allowed to develop for 30 
minutes. Then 1 ml. of water is added to each tube, the solutions thoroughly agitated 
and then transferred to cuvettes and read at 470 my on a Coleman Jr. spectrophotometer. 
The reagent blank is set at 100 per cent transmission. 


WHR 


Fig. 1.—Distillation apparatus for the determination of ketone bodies showing Thunberg 
tubes in place. The hole in the ground-glass joint for the addition of chemicals is shown. 
Cold water is circulated through the side troughs and the main water bath is kept boiling. 

RESULTS 

The deseribed method provides a linear relationship between the optical 
density of disalysalaldehyde acetone and the concentration of acetone in a 
range of 1 to 8 pg. Fig. 2 shows the results with the mean and standard 
error of an analysis of 21 standard curves run over a 6-month period. In 
this time, the maximum variation in standard readings was 10 per cent but 
good linearity was found for any one series (within 6 per cent). The time 
development curve of disalysalieylacetone at room temperature when saturated 
KOH is added shows that at 4 and & ug concentrations a plateau is reached 


: 
= 


BLOOM J. Lab. & Clin. Med 


lay, 1958 


826 


at 30 minutes and the color development is little changed for the next 30 
minutes permitting ample time for spectrophotometriec reading (Fig. 3). 
Analysis of random duplicates of 40 different plasma values ranging from 
05 to 15 mg. per cent indicated a reproducibilty of 4.6 per cent in duplicate 
readings. 


ACETONE 
CONCENTRATION IN MICROGRAMS 


OPTICAL DENSITY 


Fig. 2.—Composite acetone standard curve representing the color produced with alkaline 
salicylaldehyde against a blank. The curve is composed of 21 sets of determinations at 3 
concentrations. The mean and standard error for each concentration is presented. 
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Curve of color development of the disalicylaldehyde acetone in strong alkali in respect to 
time. Two different acetone concentrations are shown. 
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Fig. 3. 


Since the B-hydroxybutyrie acid molecule must be converted to acetoacetic 
acid and then to acetone, recovery of this material reflects recovery of the 
other two materials as well. Table I presents the recovery of B-hydroxybutyrie 
acid from 11 different plasma samples with concentrations ranging from 0.72 
to 3.94 mg. per cent. Three different 8-hydroxybutyrie acid concentrations 
were added to each plasma sample prior to preparation of the filtrate and the 
results were calculated on the basis of amount found/amount expected times 
100. Acetone standards were used in these studies and the results are expressed 
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as recovery in acetone equivalents. Twenty-six recoveries showed a level of 
accuracy of 94.5 + 3.69 per cent which compares favorably with previous 
methods. 


TABLE I. B-HyYDROXYBUTYRIC ACID RECOVERIES FROM PLASMA IN MICROGRAMS OF 
ACETONE EQUIVALENTS 


PLASMA %  |PLASMA| 
CONC. | ADDED EXPECTED | FOUND | RECOVERED | CONC, |ADDED |EXPECTED | FOUND | 


1.28 67 2.95 2.61 0.89 180 1.50 3.30 3.36 
3.33 j 4.49 0.97 3.0 4.80 4.29 0.89 
87 0,99 6.0 7.80 O85 


2.31 O.89 1.5 4.09 3.85 0.93 
0.94 3.0 5.59 22 0.938 
0.90 6.0 59 0.85 


0.98 4 5 4.38 3.98 0.91 
0.94 3. 5.8! 8! 0.99 
0.96 


0.99 a 93 0.98 
0.91 2.§ 0.92 
0.92 0.88 


0.95 9 3.58 3. O88 
0.99 3.03 5.36 0.89 


1.17 Mean 94.5 + 3.69 S.D. 
1.06 
1.03 

As the blood filtrate contains glucose which may vary considerably with 
the nutritional state, it was necessary to study the effects of varying glucose 
concentration on the recovery of B-hydroxybutyrie acid. Dextrose concentra- 
tions of 100 to 500 mg. per cent were simulated in B-hydroxybutyrie acid 
standards and the recovery of acetone equivalents was unaffected by glucose 
concentrations of 100 and 200 mg. per cent; above this level recovery decreases 
and desaccharification’ may be necessary if the filtrate is not considerably 
diluted as a result of a high ketone concentration. 


SUMMARY AND CONCLUSIONS 


This method combines the use of a well-established color reagent for ace- 
tone (salicylaldehyde) with a new method of distillation and trapping of 
acetone. In the deseribed procedure acetone is trapped in alkaline salieylalde- 
hyde. Although some color development occurs during this period, it is kept 
at a minimum by cooling. The color development is brought about by adding 
saturated alkali to the alkaline salicylaldehyde acetone mixture. This last step 
is similar to that of Behre* who found that the heat resulting from adding 
saturated alkali was adequate for maximum color development in 20 minutes. 
The findings show that in the presented method, 30 minutes is the optimal 
color development time. Undoubtedly, distillation of acetone in the closed 
system presented in this method has advantages of avoiding loss of this volatile 


substance as well as making the whole procedure a one-unit operation. 


% RECOVERED 
0.93 1.67 2.60 
3.33 
6.67 7.60 
3.94 1.67 5.61 5.51 
3.33 727 6.81 
2.12 1.67 3.79 3:77 
3.33 5.45 4.98 
6.67 8.79 8.12 
1.56 1.50 3.06 3.09 
3.0 4.56 4.36 
6.0 7.56 6.78 
123 
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The sensitivity of this method equals that of the most recent modification 
of the Greenberg and Lester method? and it exceeds the sensitivity of the 
previous salicvlaldehyte methods.*\° The reproducibility of the method is 
satisfactory as demonstrated by the results of this work. Although there is 
some variation from day to day in the standard eurve, the relationship of 
concentration to optical density remains linear. The recovery of B-hydroxy- 


butyrie acid from plasma samples exceeds that reported by previous authors® 
using salicvlaldehyde, indicating that this method is superior to those previously 


reported and is comparable to the most recent modification of the Greenberg 
and Lester method.* 


The major advantage of the reported method is the feasibility of using 
it for routine clinical studies. This one point will make it possible to study 
the importance of using ketone body levels in the evaluation of patient care. 
Furthermore, the sensitivity of the method provides opportunities to study 
the fed as well as fasted patient, whereas previously, the sensitivity of methods 
more or less limited them to use in fasted patients in whom ketone bodies were 
elevated above normal. 


The author would like to express his gratitude to Dr. Jane Russell for her advice during 
the development of this method, to Dr. John Lyon, with whom the distillation apparatus 
was developed in its present form, and to Miss Gloria Johnston, Mrs. Toh-Bee Syn, and 
Mrs. Betty Neill for their technical assistance. 
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AN IMPROVED METHOD OF PEROXIDASE REACTION COMBINED 
WITH GIEMSA’S STAIN FOR BLOOD CELLS 
Kenicurt Harrort, M.D., Pu.D.* 
PirrsBURGH, Pa. 

1‘ THIS report a simple method is described which demonstrates peroxidase 

activity clearly and also preserves the usual morphology of blood cells. 
This modification is compared with other widely utilized methods and its 
diagnostic value assessed. 


Granulocytic cytoplasmic granules exhibit strongly positive oxidase or 


peroxidase activity, monocytie granules show a lesser degree of activity, 


whereas other bone marrow and peripheral leukocytes show no such eyto- 
plasmic enzymatic activity. 

Many modifications of the original indophenol-blue reaction (oxidase 
reaction) as described by Winkler’ and by Schultze? have been utilized. Be- 
cause of technical difficulties, including reagent instability, the most widely 
utilized techniques are those which employ the peroxidase reaction rather than 
the oxidase reaction. In our hands, these methods have been unsatisfactory 
because of the distortion of red cells, the obliteration of leukoeytie detail and, 
more seriously, the failure of similar cells to yield similar peroxidase activity. 


METHODS 


Reagents.—(1) One part of 40 per cent formalin to 9 parts of 95 per cent ethanol. 
(2) Giemsa’s solution. (3) Phosphate buffer solution, pH 6.4, N/15. (4) Five-tenths per 
cent CuSO, - 5 H,O solution. (5) One-tenth per cent benzidine solution (with the addition 
of 2 drops of 3 per cent H,O, per 100 ml.). 

The benzidine solution is prepared by slow trituration of 0.2 Gm. benzidine crystals 
(reagent grade) in a mortar with gradual addition of small amounts of warm distilled water 
to a total volume to 200 ml. This requires 30 to 45 minutes, after which the solution is 
cooled to room temperature, filtered, and 4 drops of 3 per cent H.O, is added. It may be 


stored at room temperature in a brown bottle for periods up to 6 months. 


Procedure.—1\. An air-dried blood smear is covered with the formalin-ethanol mixture 
for 5 seconds and gently washed with tap water for one minute. 

2. The blood smear is then covered for 30 minutes with “working” Giemsa’s stain 
which is prepared by the addition of 2 to 3 drops of Giemsa’s solution per milliliter of phos- 
phate buffer. The stain is poured off. Water should not be used to wash the stain from the 
slide. 
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Fig. 1.—Schematie representation of peroxidase activity 
and rods represent peroxidase-positive granules. ted blood cell: 2, small lymphocyte: 
4, large lymphocyte (1 to 3, peroxidase negative); 4 to 7, neutrophils; & to 9, eosinophils ; 
10 to 11, monocytes. 


in blood cells, The dark dots 


Fig. 2. 


& 


Fig. 4. Fig. 5. 

Fig. 2.—-Two strongly positive eosinophils (E) and 7 moderately positive neutrophils. 
The nucleus of the eosinophils cannot be seen because of abundance of positive granules. Blood 
smear from normal subject. Peroxidase reaction. 

Fig. 3.—One typical strongly positive eosinophil (E) and one negative small lympho- 
cyte (Ly). Blood smear from normal subject. Peroxidase reaction. 
Fig. 4.—Two positive neutrophils and one negative small lymphocyte (Ly). Blood 
smear from normal subject. *eroxidase reaction. 

Fig. 5.—One questionably positive myeloblast (Mybl), one weakly positive neutrophilic 
promyelocyte (Prom), and one positive segmented neutrophil (N). Blood smear from a 
patient with acute myeloid leukemia. Peroxidase reaction. 
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3. The slide is flooded with the CuSO, solution for not more than 5 seconds which is 
then poured off, leaving a wet surface. 

4. Benzidine solution at approximately 25° C, is placed on the slide for 2 minutes; the 
preparation is then washed with tap water and air-dried. (The pH of tap water is not 
significant here.) 

The time for fixation must not exeeed 5 seconds, since further fixation results in a 
reduction of peroxidase activity. Because of decolorization of the working Giemsa’s stain 
by the CuSO, solution, this dye is used in higher concentration than usual. Since hydrogen 
peroxide undergoes deterioration, it may be necessary to add a small amount of fresh hydro- 
gen peroxide to the benzidine solution before use. 


Fig. 6.—Three positive promyelocytes (Prom) and one weakly positive monocyte (Mon). 
Blood smear from a patient with acute myeloid leukemia. Peroxidase reaction. 

F One myeloblast with Auer’s bodies. Blood smear from a patient with acute 
myeloblastic leukemia. Wright's stain. 

Fig. 8.—Strongly positive Auer'’s bodies (7) in myeloblasts. Bone marrow smear from 
the same patient as in Fig. 7. Peroxidase reaction. 

Fig. 9.—Many_ negative lymphocytes, one positive neutrophil (N) and one weakly 
positive monocyte (Mon). Blood smear from a patient with chronic lymphocytic leukemia. 
Peroxidase reaction 


RESULTS 


Weak or moderate peroxidase activity is characterized by vivid green 
to dark-blue granules in the cytoplasm. With stronger activity, as seen in 


some neutrophils and in all eosinophils, there are rods and needlelike projee- 
tions radiating from the cell margins which partially conceal the nuclei (Figs. 
1 to 4). The cellular morphology is essentially unaltered from that seen in 
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the usual Giemsa stained preparation. The basophil usually fails to exhibit 
peroxidase activity. Monocytes, as shown on Figs. 1, 6, and 9, exhibit a few 
small peroxidase-positive granules, whereas lymphocytes and erythroblasts 
fail to show activity. (See Figs. 1 to 9.) 


DISCUSSION 

The method described consists of the adaptation of several features 
previously utilized by other workers and includes Graham’s fixation method,’ 
Giemsa’s stain as the counterstain, and Sato-Sekiya’s method* for the develop- 
ment of the peroxidase reaction. In the method herein described, the order 
of Giemsa’s stain and the peroxidase development has been reversed. The 
advantages of the method include: (1) the blue-green color imparted to the 
peroxidase-positive granules rather than the yellow-brown color developed by 
the method of Graham; (2) the preservation of the morphologic nuclear and 
cytoplasmic detail of leukocytes, erythrocytes, and platelets; and (3) a rel- 
atively permanent and stable preparation. 

In 1918, Graham described his method for the demonstration of leukocytie 
peroxidase activity. This method employed the use of formalin and alcohol 
fixation, benzidine for the tinctorial expression of the enzymatie activity, and 
hydrogen peroxide as the enzyme substrate. Disadvantages of Graham’s 
method inelude variation in the color of positive granules which is proportional 
to the amount of benzidine, difficulty in distinction of the brown granules 
from other components of the cellular cytoplasm, and the instability of certain 
reagents in the test. MeJunkin® modified Graham’s method by the use of 
benzidine and Wright’s stain in a phosphate buffer of pH 6.4. Shortly after 
MeJunkin’s method was published, Sato and Sekiya described their modifica- 
tion of the technique wherein alcohol-formalin fixation was discarded and a 
dilute solution of CuSO, was used to catalyze the reaction as well as for lysis 
of the erythrocytes. A nuclear counterstain of carbol fuchsin or safranin was 
used to provide morphologic detail and contrast between the nuclear material 
and eytoplasmic granules. Advantages of their technique include simplicity of 
the procedure, reagent stability, and relative permanence of the preparation. 
In 1934, Sato, Susuki, and Shibata® made a minor modification of this tech- 
nique (increase of the concentration of CuSO,) which facilitated hemolysis of 
erythrocytes. Beacom’ described a modification of Goodpasture’s technique*® 
in which sodium nitroprusside was employed rather than CuSO, to produce a 
blue-green coloration in the presence of peroxidase activity. 

Although Sato and Susuki have emphasized that differential counts of 
leukocytes may be performed on peripheral blood smears prepared by their 
method, it has been difficult or impossible to perform aceurate differential 
counts on the bone marrow smears prepared by their technique. Because of 
this disadvantage, combinations of peroxidase and Giemsa’s stains have been 
utilized in the author’s procedure. Hirsehfeld® described a method in which 
eoncentrated Giemsa’s stain was used for short staining periods rather than 
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the methylene blue counterstain originally recommended by Graham. In 
1928, Tokue’’ used Giemsa’s solution for counterstaining and, shortly there- 
after, Brinnitzer'! described and utilized essentially the same method. Os- 
good’? modified Goodpasture’s method by the use of Giemsa’s stain as a coun- 
terstain. This technique has been widely utilized, but morphologie nuclear 
detail is lost in this method. The method herewith described has been found 
to afford more constant tinctorial evidence of peroxidase activity in the leu- 
kocytes and to provide good morphologie detail of both leukocytes and erythro- 
cytes. 

The practical value and importance of the peroxidase stain in the diagnosis 
and therapy of hematologic disorders is a controversial issue. The method 
was utilized by Naegeli’* and others to differentiate the myleoid from the 
lymphatie series of cells. The eritical studies by Dunn" and by Jochman and 
Bluhdorn’® clearly demonstrated that myeloblasts infrequently exhibit per- 
oxidase-positive granules and, thus, that the technique is not of value in the 
differentiation of myeloblasts from lymphoblasts. Rosenthal'® failed to dem- 
onstrate peroxidase activity in myeloblasts either from normal bone marrow 
or from patients with acute leukemia. In these same cells there was an ab- 
sence of azurophilic granules. Thus, it would appear that the peroxidase stain- 
ing method affords no help in the differentiation between myeloblasts and lym- 
phoblasts. However, we have observed instances wherein the peroxidase stain 
has afforded better visualization of fine azurophilie granules which are seen 
only with difficulty and easily missed by Giemsa’s or Wright’s stain (Figs. 5 
and 6). Auer’s bodies show a strongly positive peroxidase reaction and are 
readily demonstrated with the peroxidase stain, whereas they may be less well 
visualized with conventional staining techniques (Figs. 7 and 8). 


Furthermore, quite conclusive differentiation between monocytes and 


lymphocytes is afforded by the peroxidase stain, since the large majority of 


monocytes exhibit definite peroxidase activity which is visualized easily but 
less intensely than that seen in the granulocytes. This distinction is of 
value in patients who exhibit large lymphocytes in lymphocytosis or mono- 
eytosis during the course of certain viral, rickettsial, and other diseases. 


SUMMARY 


A convenient, rapid method for the peroxidase reaction combined with 
Giemsa’s counterstain is deseribed. 

After rapid fixation with formalin-ethanol, relatively coneentrated Giemsa’s 
solution is used for counterstaining and then, according to Sato-Sekiya’s 
method, copper peroxidase staining is effected. As a result, peroxidase-posi- 
tive granules are seen as green to dark-blue in the eytoplasm. The usual cellu- 
lar struetures are well preserved by Giemsa’s ecounterstain, so that each cell 
may be easily recognized. Finally, emphasis is placed on conclusive differen- 
tiation between monocytes and lymphocytes and on the diagnosis of some cases 
of acute myeloblastie leakemia with the peroxidase stain. 


-. 
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KLETT SCIENTIFIC PRODUCTS 
Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fluorimeters, Bio-Colorimeters, Comparators, 
lectrophoresis Apparatus, Glass Standards, Glass Cells, 

Klett Reagents 


THE KLETT-SUMMERSON 


PHOTOELECTRIC 
COLORIMETER 


Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The corcentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 


K lett MANUFACTURING CO. 


179 EAST 87th STREET, NEW YORK, N. Y. 


May, 1958 


You can do without Shakespeare's 
“Merry Wives” 


You can do without a copy 
Of “Plutarch’s Lives” 


You can do without “Plato’s 
Dialogues”, too 


You can do without PROTROL* 
... but why should you? 


TIMES SQUARE, NEW YORK CITY 


°T.M. Reg. U.S. Pat. Off. PROTROL, now 
the world’s most successful prothrombin con- 
trol reference standard. You'll love PROTROL 
because it’s easy to use, pure and genuine- 
human — your true prothrombin control — not 
a synthetic-diagnostic, not an animal plasma. 
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LIVE FROGS for PREGNANCY DIAGNOSIS 


Year ‘round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 
Frogs. With complete directions for use and care. Dozen __ 7.50 
Laboratory Tank with Cover - a 
Isolation Jar, 5” x 7” with weighted metal cover ___ ae 
Frog pregnancy test kit, 14 items including 


12 live fregs 


Rana pipiens Est. MEG 1919 
NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N. Y. 


Headquarters for Live Frogs 


“Our 43rd Year—Time Proved Dependability” 


ALBINO RATS & MICE, RABBITS & GUINEA PIGS : 
RESEARCH SUPPLY CO. : 


2436 West York St. Philadelphia 32, Pa. 


RABBITS FOR ALL LABORATORY PURPOSES 
Contracts Solicited—Old Established Dealer, 25 Years 


CLOVELLY FARM 


Wm Prescott, owner 
38580 DETROIT ROAD—Telephone WEstmore 4-5730—AVON, OHIO 


Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 


Write for handbook giving full information 


Special Males for Pregnancy 
and Pre-operative Diagnosis. E. G. S I EINHILBER & cO., INC. 


102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 


® STANDARDIZED AT WISTAR (ALBINO) 
DEPENDABLE R S LONG-EVANS (HOODED) 


BRED FOR RESEARCH WORK BY RESEARCH WORKERS 


PACIFIC ANIMAL FARMS M516 ARDENA CALIF. 


(An affiliate of Pacific Biological Laboratories) 
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SINCE 1945 


XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 


NO SEASONAL VARIATIONS 


Combines highest accuracy — economy — speed. 
Test so simple requires minimum of technician’s 
time using either urine concentrate or blood 
serum. No microscope work required or surgery 
of the animal. Write for literature. Animal cost 
per test 10¢ to 15¢. 


JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 


DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 


Price List on Request 
Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 


Live Male Rana Pipien Frogs. Direct from the Farm 


Be sure of year round supply, at lowest prices and fastest service available. Orders delivered within 36 
hours after we receive them. 

Male Rana Clamitan Fr and Buffo Americanus Toads availabie during summer months. 

Male Buffo Marinus Toads available, the year round. 

Animals guaranteed free of disease and to arrive in perfect condition. 

Laboratory Manual 85 pages with illustrations. A system of pregnancy testing using Male Toads and 
Frogs, by Edward H. Hon, M.D., of Yale University. 

Also reagents used in conducting pregnancy tests. 

For Information and prices, Phone or write: 


J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 


WHITE MICE GUINEA PIGS RABBITS 


When full grown our Albino mice go 35 to 45 gms. 
Send for price list. References furnished on request. 


J. E. STOCKER + Ramsey, N. J. + Phone: DAvis 7-1064 


ha. TACONIC FARMS, Ine. 


Germantown, New York 
SWISS MICE Booklet Sent on Request 
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ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 


CHERRY HILL FARMS 


P.O. BOX 840, CAMDEN I, N. 


HAMILTON LABORATORY ANIMALS, INC. 


Specialist in breeding of HLA Albino Rats and HLA Albino Swiss Mice. 
Prompt and efficient service. Dependable animals. 


Office: 200 Brotherhood Bldg., 1015 Vine St., Cincinnati 2, Ohio 


RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R.R.No. 4 Phone 530-W3 Greenwood, Ind. 


HAMSTERS GUINEA PIGS RABBITS WHITE MICE AND RATS 
Satisfactorily shipped 1500 miles and more — Large supply 
For prices and information, write, wire, or phone 


HILLTOP CAVIARY 


Phone 286 Established 1928 Scottdale, Pa. 
(near Pittsburgh) 


NATIONAL LABORATORY ANIMAL CO. 


Reliable Animals for Significant Results 
RABBITS—GUINEA PIGS—~WHITE RATS—WHITE MICE 
Prompt Shipment from Pittsburgh, Pa. 

RD, Mars, Pa. Phone—NAtional 5-1955 


ANIMALS Albine NZ Rabbits 


Hamsters 7 ALBINO FARMS 


P. O. Box 331 
since 1929 RED BANK, NEW JERSEY 
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Continuous Model No. FE-2C 


FLASH EVAPORATOR 


Evaporation under reduced pressure—particularly valuable when aqueous solutions 
and high boiling solvents (e.g., butanol) are used. 


© Ideal for separation of: 

Concentrated solutions that would otherwise foam 

Heat and air sensitive solutions 
© Performs separations in a fraction of the time required by conventional methods 
® Easily disassembled to remove solute and also for cleaning 


PRICE COMPLETE (without Thermo Regulator), F.O.B. New York $278.30 


Also available: FLASH EVAPORATOR FE-2. Regular model for single batches. Price complete 
$215.50 F.O.B. New York 


Write for other laboratory specialties and detailed information on the SAFETY PIPETTE FILLER 


INSTRUMENTATION ASSOCIATES 


17 West 60th Street New York 23, N. Y. 


SPECIALIZED 
| Biochemical 
WISHING . .. for one dependable Laboratory Services 


source for research biochemicals 7 
Let NUTRITIONAL BIOCHEMICALS CORPORATION be the one CATECHOLAMINES 


answer to oll your problems of quality, service, and economy 


A COMPLETE SELECTION OF MORE THAN 
300 AMINO ACIDS AND PEPTIDES (See our publication in Jour. Clin. Endoc. 


Typical Amino Acids and Metab. /]3: 444, 1953) 


Glutamine Valine, D, DL, L 
Phenylalanine, D, DL, L Ornithine, DL, L Transaminase, SGO and SGP, LDH, etc. 
Homoserine Dopa, D, L, DL 


As L, DL . 
Seine DL FSH, Estrogens, Pregnanediol, etc. 


THE SAMSON LABORATORIES 


NUTRITIONAL 


SeeuseToess 1619 SPRUCE ST. PHILADELPHIA 3, PA. 


CORPORATION 


‘ Write for 
New Catalog Certified Clinical Chemists 
Feb., 1958 
2100 Items 
Write Dept. 109 
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LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 


72 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 


Clinical Laboratory of San Bernardino 
955 ““D” Street, P. O. Box 329, San Bernardino, California 
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Already in hospitals and laboratories the country over, the Technicon Autoanalyzer is 
doing jobs like those listed below with an accuracy, reproducibility, and dependability, 
which has users standing back in awe. The work goes faster, up to 60 tests-per-hour, 
better, accuracy is repeatable to approximately 1%, and cheaper, completely auto- 


matic; no human intervention or supervision. 


There's a brochure which explains the Autoana- 
lyzer principle, detailing operation and methods. 


or the thousand-and-one substances for which biological fluids 

ore analyzed ... blood glucose, blood urea nitrogen, calcium, 

alkaline phosphatase, chlorides, etc. Reproducibility, approxi- 
ig i mately 1%. Elapsed time-per-test, as little as one minute. 


ampling by direct aspiration from circulatory (or other) system 
of a living organ, with continuous analysis and recording of 
phenomena like rate absorption or excretion of drugs, changes in 


concentration levels of blood urea nitrogen, blood glucose, etc. 


Only human participation is initial setting up of test. Autoanalyzer 
then takes over; introduces correct proportions of materials and 
reagents, passes them through the train of analytical events — 
mixing, dialyzing, separation, heating, color-measuring, etc. — 
records test results as logarithmic or easy-reading linear graphs, 
or on digital read-out tapes. Selectable choice of 20, 40, or 60 
separate tests-per-hour, depending on nature of test. Reproduci- 
bility, approximately 1%. 
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TRADE MARK 


TECHNICON INSTRUMENTS CORPORATION 
Chauncey ° New York 


automation finally brought to clinical chemistry _ 
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release from pain and inflammation 


with ARTHRITIS 


salicylate benefits with minimal salicylate drawbacks 


Rapid and prolonged relief—with less intolerance. 


The analgesic and specific anti-inflammatory action of BuFFERIN helps 
reduce pain and joint edema—comfortably. BUFFERIN caused no gastric dis- 
tress in 70 per cent of hospitalized arthritics with proved intolerance to 
aspirin. (Arthritics are at least 3 to 10 times as intolerant to straight aspirin 
as the general population." ) 


No sodium accumulation. Because BUFFERIN is sodium free, massive dosage for 
prolonged periods will not cause sodium accumulation or edema, even in 
cardiovascular cases. 


Each sodium-free BUFFERIN tablet contains acetylsalicylic acid, 5 grains, and the antacids 
magnesium carbonate and aluminum glycinate. 


Reference: 1. J.A.M.A. 158:386 (June 4) 1955. 


ANOTHER FINE PRODUCT OF BRISTOL-MYERS 


Bristol-Myers Company, 19 West 50 Street, New York 20, N. Y. 
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